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ABSTRACT 


A  teat  program  was  conducted  in  Thailand  in  1964  and  1965  to  determlna 
tha  affactlveneaa  of  aarial  applications  of  Purple,  Orange,  and  other  candi¬ 
date  chemical  agents  in  defoliation  of  upland  jungle  vegetation  representa¬ 
tive  of  Southeast  Asia  on  duplicate  10-aere  plots.  Aerial  spray  treatments 
were  applied  at  rates  of  0.5  to  3.0  gallons  per  acre  on  two  test  sites 
representing  tropical  dry  evergreen  forest  and  secondary  forest  and  shrub 
vegetation.  Applications  were  repeated  in  alternate  2-  to  3-month  periods 
to  determine  minimal  effective  rates  and  proper  season  of  application. 

Defoliation  effectiveness  was  evaluated  by  (1)  visual  ei.cimates  of  over¬ 
all  vegetation  and  individual  species  defoliation,  (11)  measurements  of 
changes  in  canopy  obscuration  by  a  vertical  photography  technique,  and 
(ill)  measurements  of  changes  in  horlsontal  visibility  of  a  human-sized 
target  at  various  ranges. 

Data  provided  by  these  techniques  were  used  in  comparative  evaluation 
of  defoliant  chemicals  in  relation  to  rate,  volume,  season  of  application, 
canopy  penetration,  and  vegetation  response. 


digest 


This  report  preaenta  the  reaulta  of  a  teat  prograa  to  deterad.no  the 
effectiveneaa  of  Purple,  Orange,  and  other  candidate  cheadcal  agents  in 
defoliation  of  upland  forest  or  jungle  vegetation  representative  of  South¬ 
east  Asia.  The  program  was  conducted  In  Southvest  Thailand  by  personnel 
from  the  U.S.  Army  Biological  Center  in  collaboration  vlth  the  ARPA  Research 
and  Development  Field  Unit  in  Thailand  and  the  Military  Research  and  Develop 
ment  Center  of  Thailand. 

Aerial  spray  treatments  were  applied  on  two  test  sites  representing  a 
tropical  dry  evergreen  forest,  and  secondary  forest  and  shrub  vegetation 
during  the  period  2  April  1964  to  4  June  1965.  Spray  applications  were 
made  with  a  Beechcraft  Ten -Two  (modified  C-45)  aircraft  equipped  with  a 
180-gallon  tank,  air-driven  pump,  and  underwing  boom  system  with  diaphragm 
Jet  nossles.  Spray  deposit  volumes,  swath  pattern,  and  droplet  sises  were 
obtained  for  each  chemical  mixture  in  the  treatment  series  at  a  calibration 
grid  near  the  test  sites. 

Applications  of  Purple,  Orange,  and  Pink  at  rates  of  0.5  to  3.0  gal/acre 
were  made  in  alternate  2-  to  3 -month  periods  to  determine  minimal  affective 
rates  end  proper  seaaon  of  application.  Cacodyllc  acid  and  other  daslccanta 
and  herbicides  were  evaluated  in  dry  season  and  rainy  season  applications. 
Treatments  ware  made  on  duplicate  10-acra  plots,  approxlmstely  300  by  1500 
feet. 


Evaluations  of  defoliation  reaponsa  were  made  at  weakly  and  monthly 
intervals  by:  (1)  visual  estimates  of  over-all  vegetation  and  individual 
species  defoliation,  (11)  measurements  of  changes  in  canopy  obscuration 
by  a  vertical  photography  technique,  and  (Hi)  measurement  of  changes  in 
horisontal  visibility  of  a  human-sited  target  at  distances  of  10,  15,  and 
20  meters.  Effective  defoliation  was  considered  to  include  ratings  of  60Z 
or  more  as  evaluated  by  the  visual  estimate  and  vertical  photographic 
technlquaa.  In  the  evaluation  prograa  emphasis  was  given  to  determination 
of  the  perlode  of  matt  mum  and  effective  defoliation  and  the  degree  of 
defoliation  response  in  relation  to  chemicals  and  dosage  rates  applied. 

Results  of  the  teat  program  showed  that: 

1)  Purple,  Orange,  Pink,  Dlncmol,  and  Tordon  ware  effective  for 
long-term  defoliation. 

2)  Cacodyllc  acid  and  diquat  were  effective  desiccants  for  rapid, 
short-term  defoliation.  Maximum  defoliation  occurred  2  to  4  weeks  after 
treatment . 

3)  Dicamba  gave  marginal  but  generally  ineffective  defoliation. 
Merphes  or  Polex,  Endothall,  tributyl  phosphate,  butyne  dial,  and  amitrole 
ware  ineffective  in  defoliation. 
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4)  Purple  end  Orenge  were  essentially  equivalent  in  ell  respects. 
Pink  wee  equal  to  Purple  or  Orenge  at  allghtly  lover  application  ratea. 

5)  Minimum  effective  rate  of  Purple  and  Orange  in  derae  foreat 
vegetation  with  multiple  canopy  waa  2.0  gal/acre  (15  lb/acre  acid  equiva¬ 
lent)  applied  during  the  rainy  or  growing  aeaaon.  Application  made  at 
thia  rate  were  effective  for  4  to  6  montha  after  treatment. 

6)  Minimum  effective  defoliation  with  Purple  and  Orange  waa 
obtained  with  reiny  aeeaon  application*  of  1.5  gal/acre  in  forest  end 
aecondary  ahrub  vegetation  of  light  to  moderate  density  and  with  a  alngle 
canopy. 


7)  More  complete  defoliation  and  a  longer  duration  of  effective 
defoliation  reaponae  waa  obtained  in  ell  vegetation  typea  with  application* 
of  Purple  and  Orange  at  higher  ratea  of  application  (2.5  to  3.0  gal/acra). 

8)  Pink  gave  effective  defoliation  at  allghtly  lower  ratea  then 
Purple  or  Orange.  Minimum  effective  doaage  of  Pink  appeared  to  be  1.0  to 
1.25  gal/acra  (8  to  10  lb/ecra  acid  equivalent)  in  rainy  aeaaon  appllcatlona . 
Applleationa  at  2.0  gal/acre  gave  effective  defoliation  for  8  to  9  montha. 

9)  Cacodylic  acid  or  a odium  cacodylata  applied  in  water  aolutlone 
at  ratea  of  5  to  6  lb/aere  gave  effective  dealccation  and  defoliation  of 
undlaturbad  foreat  and  aecondary  foreat  end  ahrub  vegetation  in  both  ralny- 
and  dry-aeaeon  appllcatlona. 

10)  Dlquat  waa  equivalent  to  cacodylic  acid  in  defoliation  reaponae 
at  ratea  of  3  to  3  lb/acre.  Dlquat  waa  effective  only  in  grcwlng-season 
appllcatlona. 

11)  Limited  teata  indicated  that  Tordon  applied  alngly  or  in  mixture* 
with  2,4-D,  dlquat,  and  Orange  waa  highly  effective  on  a  par-pound  baaia 
but  gave  generally  elower  defoliation  raaponaa  than  Purple  or  Orange. 

12)  The  defoliation  reaponae*  to  aerial  appllcatlona  of  Purple, 

Orenge  and  other  alailar  chemical*  were  Influenced  more  by  rate  than  by 
volume  of  apray  aolutlon  applied.  Appllcatlona  of  1.0  to  1.3  gallon* 

per  acre  of  Purple,  Orange  and  Pink  aa  pure  chemical  geve  alailar  defolia¬ 
tion  reaponaea  to  appllcatlona  of  the  aaaa  amount  of  chemical  diluted  with 
one  or  more  volumaa  of  dleaal  fuel. 

13)  Minimum  application  volumaa  coonenaurate  with  good  apray  deposit* 
proved  to  be  about  1.3  gallons  per  acre  for  oll-eoluble  chemicals  (Purple, 
Pink,  Orange),  end  2.3  to  3.0  gallons  per  acre  for  water-soluble  compounds 
(cacodylic  add,  dlquat,  Tordon). 

14)  Good  penetration  of  sprays,  and  therefor*,  most  effective 
defoliation  responses  were  obtained  nor*  readily  on  shrubby  secondary 
foreat  than  in  a  dense,  undisturbed  forest  with  multiple  canopy. 
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15)  Optimum  droplet  else*  for  rapid  fallout  and  beat  penetration 
proved  to  be  ia  the  range  of  275  to  350  microna  MMD. 

16)  Reaponaea  to  all  ayateaic  herbicide*,  auch  aa  Pink,  Purple, 
Orange,  Tordon,  and  Dlncxol  vara  much  better  during  tha  rainy  aeaaon  with 
ita  generally  favorable  aoil  moisture  and  growing  conditiona  than  during 
the  dry  aeaaon. 

17)  Some  combination*  of  herbicidaa  ware  found  to  have  very  promis¬ 
ing  prospecta,  but  need  more  extenaive  evaluation  in  the  future.  The  beat 
combinationa  were  2.3  pounda  of  Tordon  plua  5.3  pounda  of  2,4-D  and  1.2 
pounds  of  Tordon  plus  2.5  pounda  of  diquat.  These  mixtures  were  effective 
at  rates  of  1  to  3  pounda  of  Tordon  per  acre  with  the  associated  compound 
in  proportion. 

18)  Maximum  defoliation  responses  of  85  to  951  were  recorded,  but 
complete  defoliation  of  all  species  was  not  obtained  in  any  plot. 

19)  Visual  estimates  and  measurements  of  canopy  obscuration  from 
vertical  photographs  gave  cloeely  comparable  evaluetions  of  defoliation 
effectiveneaa.  Horiscntal  visibility  maaaurements  gave  lower  values  for 
defoliation  than  visual  estimates  or  canopy  obscuration  measurements. 

Changes  in  horlsontal  visibility  due  to  chemical  treatment  reflected  defolia¬ 
tion  auatalned  by  the  shrub  understory. 

On  the  basis  of  evaluations  completed  in  August  1965,  the  following 
recommendations  were  made: 

1)  For  faat,  short-term  defoliation  in  light  to  moderate  vegetation 
cover  5  to  6  lb/acre  of  cacodyllc  acid  (7.7  to  9.2  lb/acra  of  Blue  containing 
65%  active  ingredient)  should  be  applied  in  2.5  to  3.0  gal/acre  of  spray. 

In  dense  forest  with  multiple  canopy,  applications  of  cacodyllc 
add  at  5  to  6  lb/acra  may  be  repeated  2  to  4  weeks  after  initial  treatment 
to  Insure  penetration  to  lower  vegetation  level  and  to  extend  the  period  of 
defoliation. 

Maximum  effect  is  obtained  2  to  4  weeks  after  application. 

Treatment  may  be  made  during  rainy  and  dry  seasons. 

2)  For  affective  defoliation  and  swderate  duration  of  effect  (3  to  4 

months)  Purple  or  Orange  should  be  applied  during  tha  rainy  or  growing  season 
at  the  rata  of  1.5  to  2.0  gal/aere  in  vegetation  with  light  to  moderate  cover 
and  single  canopy  and  at  2.0  to  2.5  gal/acra  in  dense  forest  with  multiple 
canopy.  ' 


Maximum  dafollation  occurs  2  or  3  months  after  application, 
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In  dense  vegetation,  repeat  application  2  months  following 
Initial  treatment  may  be  needed  for  effective  defoliation  in  underctory 
vegetation  and  for  extended  defoliation  effect. 

3)  For  maximum  defoliation  and  duration  (6  months  or  more),  Furple 
or  Orange  should  be  applied  during  the  growing  season  at  rates  of  2.5  to  3.0 
gal/acre,  of  undiluted  chemical. 

Heavier  rates  are  required  during  the  dry  season  for  comparable 
defoliation  response. 
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The  defoliation  of  native  vegetation  by  application  of  chemical  defoli¬ 
ant  agenta  offers  a  valuable  tool  In  military  tactics,  particularly  In 
counterinsurgency  operations.  Defoliation  with  the  Interim  agent  Purple 
has  been  successfully  conducted  on  an  operational  basis  In  the  Republic 
of  Viet  Nam  (RVN)  to  reduce  the  Incidence  of  ambush  along  principal  routes 
of  travel.  Defoliation  operations  have  been  particularly  effective  In  the 
mangrove  vegetation  along  canals  and  the  drainage  systems  In  the  EVN.1** 
Other  applications  have  been  made  In  upland  forest  vegetation  or  Jungle 
at  several  locations. 

This  report  presents  the  results  of  an  extensive  test  program  con¬ 
ducted  In  Thailand  to  determine  the  effectiveness  of  Purple  and  other 
candidate  chealcal  agenta*  In  defoliation  of  upland  forest  or  Jungle 
vegetation  representative  of  Southeast  Asia.  The  program  was  conducted 
by  personnel  from  the  D.S.  Army  Biological  Laboratories**  at  Fort  Detrick, 
Maryland,  at  tha  request  of  the  Advanced  Research  Projects  Agency  (ARPA) 
of  the  Department  of  Defense  under  Directive  Order  423,  30  January  1963. 

Military  Interest  In  the  use  of  chemicals  for  defoliation  of  tropical 
and  temperate  vegetation  was  expressed  as  early  as  1945.  Since  this 
period,  a  substantial  body  of  information  on  chemical  defoliation  has 
been  assembled  by  the  D.S.  Army  Biological  Laboratories  through  green¬ 
house  and  exploratory  field  tests.9  The  first  extensive  aerial  applica¬ 
tions  of  che^cals  for  military  defoliation  of  forest  vegetation  ware 
conducted  at  Camp  Drum,  Mew  Tork  In  1959. 4  They  demonstrated  the  effec¬ 
tiveness  of  a  mixture  of  undiluted  butyl  asters  of  2,4-D  and  2,4,5-T 
applied  at  approximately  0.75  gel/ecre  In  the  defoliation  of  a  mixed 
deciduous  and  conifer  forest.  These  tests  served  as  a  basis  for  the 
recommendations  of  Purple  for  operational  tests  In  the  RVH  sponsored 
by  ARPA. 

In  1961  end  1962,  Dr.  Jamas  V.  Brown  of  Crops  Division  of  the  U.S. 

Army  Biological  Center  conducted  aerial  and  ground  spray  tests  with 
Purple  end  several  ether  chemicals  In  the  RVH  area  under  sponsorship 
of  ARPA.*'*'7  Evaluations  of  the  early  operational  tests  of  Purple 
led  to  e  preliminary  racenmndad  application  rate  considered  to  be 
more  then  adequate  to  produce  the  desired  results,* 

The  need  for  additional  Information  on  effective  defoliation  and 
the  limitations  on  an  adequate  test  program  imposed  by  guerrilla  warfare 
conditions  In  RVH  lad  to  the  development  of  the  present  program  In 


*  Chemical  names  of  Purple  end  other  defoliants  used  In  the  program  are 
given  la  Section  II. 

**  The  nasm  of  these  Laboratories  was  changed  to  D.S.  Army  Biological 
Center  early  In  1966. 
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Thailand  under  a  stallar  ellaaCa  and  with  similar  vaga tat ton.  Prior  to 
tha  development  of  a  test  plan.  Joint  discussions  were  held  by  ARPA  and 
U.S.  Any  Biological  Canter  repraaentatlvaa  with  personnel  from  the  Crops 
Protection  Research  Branch  of  tha  Agricultural  Research  Service  of  U.S. 
Department  of  Agriculture  In  the  selection  of  suitable  chemicals  and 
criteria  for  their  inclusion  in  the  proposed  program.  A  test  plan  and 
research  project  outline  were  developed  in  March  1963  outlining  a  two* 
year  program  to  be  conducted  by  personnel  from  U,S.  Army  Biological 
Laboratories.*' 9 

The  program  was  initiated  in  April  1963  in  collaboration  with  the 
Military  Research  and  Development  Center  of  Thailand  (MtDC),  then  known 
as  Coabet  Development  and  Test  Center  (CDTC),  and  its  United  States  com¬ 
ponent,  the  ARPA  Research  and  Development  Field  Unit -Thai land  (R&DFU-T). 

The  defoliation  test  program  has  functioned  in  the  ARPA  R&DFU-T  under  tha 
administrative  guidance  of  tha  Program  Manager  for  Environmental  Research, 
Lieutenant  Colonel  W.R.  Scheible,  and  under  tha  technical  direction  of  tha 
U.S.  Army  Biological  Center  project  leader.  Close  cooperation  and  guidance 
in  relations  with  Thai  military  and  government  officials  in  the  initiation 
and  execution  of  the  project  were  given  by  the  Commending  Generals  of  MRDC, 
General  Slnchal  Menasuta  and  Air  Vice  Marshal  Manob  Surlya;  and  by  the  Thai 
Project  Officers  assigned  to  tha  defoliation  test  program.  Colonel  Mlyom 
Surat -Bhlbit,  Royal  Thai  Army,  and  Captain  Sonehal  Chanhlran,  Royal  Thai 
Navy. 

After  general  discussions  on  the  organisation  and  roqulrmnents  for 
the  project  With  officials  of  the  MRDC  and  general  raconnalssance  of 
possible  test  locations,  arrangements  were  made  for  the  initial  phases 
of  tha  test  program  to  be  conducted  at  the  Replacement  Training  Canter 
of  tha  Royal  Thai  Army  near  Pranburi,  southwest  of  Bangkok.  Final  approval 
and  authorisation  for  the  project  by  Thai  governmental  and  military  authori¬ 
ties  was  obtained  in  August  1963. 

Test  site  preparations  involving  tha  survey  and  clearing  of  access 
lanes  were  initiated  in  August  1963.  In  lata  December  1963,  a  twin-engine 
Beechcraft  airplane  equipped  with  a  spray  distribution  system  was  made 
available  to  ARPA  R&DFU-T  for  primary  use  in  tha  defoliation  teat  program 
under  ARPA  Order  483.  Calibrations  of  tha  airplane  spray  equipment  and 
test  site  preparation*  were  continued  until  April  1964  when  the  test 
applications  were  initiated.  Field  operation  headquarters  were  located 
at  Hue  Hln  about  21  miles  (35  km)  from  tha  test  sites.  An  aircraft 
maintenance  shop  and  leading  and  storage  facilities  for  chemicals  were 
provided  at  the  Bus  Hln  Airport.  Technical  supervision  of  the  test  pro¬ 
gram  was  given  by  military  sad  civilian  personnel  on  a  temporary  duty 
(TD7)  basis  from  the  U.8.  Army  Biological  Canter.* 


*  Personnel  participating  la  these  trials  are  listed  in  Appendix  F. 
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Under  a  revised  teat  program  on  l  November  1964,  primary  emphasis  vaa 
given  Co  determine  minimal  effective  ratee  of  Purple  end  lte  operational 
replacement,  Orange.  Secondary  consideration  vas  given  to  the  evaluation 
of  other  defollante.  Under  this  test  plan,  treatments  were  limited  to  a 
single  test  location. 

This  Interim  report  pusents  the  evaluation  data  and  tentative  recom¬ 
mendations  based  on  aseessitnta  made  through  September  1965  on  test  spoil- 
cat  lone  completed  In  June  1965.  An  additional  report  will  be  published  In 
September  1966  to  Include  further  evaluations  of  the  long-term  effects 
through  June  1966. 


II.  OBJECTIVES  AMD  GENERAL  SCOPS 


As  stated  la  the  directive  (ARPA  Order  423  dated  30  January  1963),  the 
objective  of  the  teat  program  wee  "to  teat  end  evaluate  on  alt*  the  activity 
of  various  phytotaxlc  chemicals  on  vegetation  Indigenous  to  Southeast  Asia. 
Thailand  hee  been  selected  as  a  representative  location."  Tasting  of  2,4-D 
and  2,4, 5-T  phencocyacetlc  acid  derivatives  and  cacodyllc  acid  was  requested 
as  wall  aa  other  phytotaxlc  chemicals. 

Criteria  or  specifications  for  selection  of  phytotoaclc  chemicals  to 
be  Included  In  the  test  program  were  developed  In  joint  discussions  by 
personnel  from  the  U.S.  Army  Biological  Canter  and  the  U.S.  Department 
of  Agriculture. 

Objcctlvaa  of  the  program  as  formulated  In  the  lultlal  teat  plan  and 
research  project  outline  of  22  March  and  27  March  1963  ware: 

1)  To  determine  minimal  rates  and  voIusms  of  Purpla  and  component 
2,4, 5-T  butyl  asters  (Pink)  applied  at  different  seasons  of  tha  year  for 
effective  defoliation  and  control  of  representative  vegetation  of  South* 
east  Asia,  and 

2)  To  evaluate  the  effectiveness  of  other,  selected  defoliants, 
deslccanta,  and  herbicides  applied  singly  or  In  combination  mixturea  at 
different  anas one  of  tha  year  on  rapraaentatlve  vegetation  of  Southeast 
Asia. 


The  Initial  teat  plan  envlaaged  a  serlea  of  aerial  test  applications 
ef  Purpla,  Pink,  and  ethar  selected  chemicals  In  two  to  four  vegetation 
types  representative  of  Southeast  Asia,  Including  evergreen  forest,  bamboo, 
and  mangrove.  A  basic  requirement  was  to  secure  Information  on  minimal 
rates  and  volumes  ef  application  for  effective  defoliation  by  Purpla. 


After  It 
objectives  w 
single  lecat 
near  Pranbur; 
to  conform  tc 


action  of  possible  test  locations  and  review  of  test  plan 
'fldals  of  MRDC,  the  test  program  was  Initiated  at  a 
che  Rep! sc ament  Training  Canter  of  the  Royal  Thai  Army 
Modification  of  tha  number  of  test  applications  was  made 
ae  area  available  at  this  location. 


Review  ef  teat  plan  objectives  end  scope  was  undertaken  after  two 
series  of  test  applications  and  a  revised  test  plan  was  prepared  on 
1  November  1964. “  Under  this  revised  test  program  the  general  scop* 
was  modified  to  provide  for  comparative  evaluations  of  Purple,  Fink,  and 
Orange,  designated  as  an  operational  replacement  for  Purple.  Tha  test 
schedule  called  for  comparisons  of  Purpla  applied  at  1,  2,  and  3  gal/acra 
and  ef  Pink  and  Orange  at  1  and  2  gal/aera  In  alternate  two-month  periods 
for  the  remainder  of  tha  program  terminating  In  Juno  1963.. 
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Tests  of  other  chemical*  war*  to  b*  conducted  in  alternate  periods, 
utilising  supplies  of  chemicals  on  hand. 

Common  and  chemical  names  of  the  herbicides,  defoliants,  and 
desiccants  used  In  the  test  program  are  shown  In  Table  1.  Additional 
data  on  characteristics  and  cost  of  these  chemicals  are  shown  In 
Appendix  A. 


TABLE  1.  HERBICIDES,  DEFOLIANTS,  AND  DESICCANTS  INCLUDED 
IN  THE  DEFOLIATION  TEST  PROGRAM 


Cede  or 

Trad*  lame  Compoumd 


Portia 


Mak 


Maoeol 

Tardea 


M*oac 
Petya*  Mat 


Petal 

tadethall  a*U 
■adatfcall  salt 
Trthmtyl  fkeaftwse 
dadtraU 
Caaadyll*  aeld 
Sedloa  oaeadylata 


nuicroas 

Motor*  coealatlag  of 

SOX  a-botyl  **t*r  ef  2,4-dlchloroyhaaamyacatl*  aald 
SOX  a-butyl  eater  of  1,4 , 3-tr lchlar ayhomosyaeattc  aeld 
20X  tao-butyl  aatar  of  2,4,3-trlchloroyhaagmyeeatla  aald 

Motor*  eeaalatlaa  ef 

SOX  a-hotyl  aatar  of  2,4«dtchloroyh*oemyae*tla  aald 
SOX  idatyl  aatar  of  2,4,3-trlcfcloroyheaaiyeeatle  aald 

Motor*  aoaalatlof  of 
SOX  a-botyl  aatar 

40X  lae-betyl  aatar  af  2,4,3-trlahlnraahaaamjaMtl*  aald 

Ca— aralal  far— tattoo  aaealatlac  ef 

31. 4X  bmtamy  athaaol  aatar  af  2,4-dlchlat  a  phamm^aaat  la  aald 
30.3X  botany  athaaol  aatar  ef  2,4,3-trlchloc  Dfhaofnjaaatla  aald 

Caamarelal  fernolatlan  aaaalatlas  ef 

Plalaraa  or  t  aadaa  1,1.1  trlnhl  nrrryt  iillaln  aald,  a*  the 
yatasalom  a* It 

PDOUAPn  AND  ooxocam 

ll  l'Bthylaaa-2:2'dlyyndyll«i  aatloa 

2- Petyma-l,4-dlol 
Trlbetyl  fkaafkaratrltklalta 
Trlbetyl  fheayharetrltblolte 
3,4  la  d  mi  Mas  ah  y  dr  aphtha  Ua  aald 

PI aadlom-3, 4  ■  aalmdi am diy dr ayht ha Ua  asU 
Trlhwtyl  yhaayhata 

3- d*d**-l,l,4-trla*ola 
Pi methyl  aratala  aald 

Sadism  as It  of  dlaathyl  arstala  said 
m*th*ey-3,d'  diahlarahamssia  as  Id 
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The  defoliation  teat  program  was  conducted  on  lands  of  the  Replacement 
Training  Center  of  the  Royal  Thai  Army  (Khai  Thanarat)  southwest  of  Hua  Bin 
In  northern  Prachuab  Khlri  Khan  Province  on  the  Kra  Peninsula.  The  two 
teat  altee  were  located  at  a  latitude  of  12  degrees  20  minutes  north,  and 
a  longitude  of  99  degrees  50  minutes  east,  approximately  21  miles  (35  km) 
from  Hua  Hln. 


A.  GENERAL  CLIMATE  AND  VEGETATION  OF  TEST  LOCATION 

The  test  location  is  characterised  by  a  tropical  monsoon  climate  and  a 
dry  semi -evergreen  forest  similar  to  the  climate  and  vegetation  of  much  of 
the  RVN  and  adjacent  portions  of  Southeast  Asia. 

Climatic  records  from  Hua  Hin  naar  the  test  location  show  the  area  to 
have  a  marked  seasonal  contrast  in  precipitation.11  The  rainy  aaaaon  starts 
in  May  and  ends  in  December  with  maximum  precipitation  occurring  in  September. 
The  dry  season  extends  from  December  until  early  May  and  includes  both  the 
coolest  month  (December)  and  the  hottest  month  (April).  Temperatures  in 
the  Kra  Peninsula  at  the  test  location  are  relatively  uniform  throughout 
the  year  because  of  low  Altitude  and  proximity  to  the  Gulf  of  Slam.  Mean 
dally  maximum  temperatures  at  Hua  Hin  range  from  91  F  in  April  to  85  F  in 
December;  minimum  temperatures  are  from  75  to  70  F  in  April  and  December.1* 

The  relatively  low  annual  precipitation  at  Hua  Hin  of  about  40  inches 
ia  caused.  In  part,  by  the  interception  of  southwest  monsoon  moisture  by 
the  Tennassarim  Mountains  to  the  west  along  tbs  Thai land -Burma  border. 

The  general  vegetation  at  the  test  location  is  a  dry  evergreen  forest 
characteristic  of  the  foothills  of  the  Tennasserlm  Range  in  the  provinces 
of  Ratburl,  Patchburl,  and  Prachuab  Khlri  Khan.13  This  type  of  forest 
occurs  on  the  coastal  peneplain  and  in  the  valleys  of  the  foothill  ranges 
in  a  precipitation  sons  of  40  to  80  Inches.  The  forest  cover  is  somewhat 
lower  in  stature  and  includes  a  grsatar  proportion  of  '’sciduous  trees  than 
the  tropical  evergreen  forest  that  attains  maximum  development  on  the  Kra 
Peninsula  south  of  Prachuab  Khlri  Khan  and  in  southeast  Thailand. 


B.  PHYSIOGRAPHY  AND  VEGETATION  OF  THE  TEST  SITES 

Two  areas  herein  called  Test  Sltss  I  and  XI  were  delineated  by  the 
Commanding  Officer  of  the  Royal  Thai  Army  Replacement  Training  Center  for 
aerial  applications  of  chssdeals  in  the  test  program.  Total  treatment 
areas  of  1400  acrs  (3500  ral)  and  2000  acres  (5000  ral)  were  allocated^ 
for  Test  Sites  I  and  IX,  respectively.  Maps  of  the  test  sites  showing' 
individual  treatmsnt  plots  are  shown  in  Figures  1  and  2. 


mSS 
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1.  Teat  Site  I 

Test  Site  I  was  located  west  of  the  Pranburl  River  In  a  valley 
.  bordered  on  the  west  and  partially  on  the  east  by  low  mountainous  ridges 

that  varied  from  300  to  1500  feet  In  height.  The  teat  area  was  more  than 
one  mile  wide  near  the  southern  end  and  narrowed  at  the  north  end  where 
the  two  ridges  are  closer  together.  The  area  was  approximately  3  miles 
long,  north  to  south. 

The  forest  cover  of  this  site  was  Intermediate  between  evergreen 
rainforest  and  deciduous  monsoon  forest  and  many  species  characteristic 
of  each  type  were  found  In  the  test  area.  The  dominant  species,  however, 
were  mostly  the  deciduous  types  of  the  monsoon  forest,  and  the  site  has 
been  classified  as  dry,  semi -evergreen  forest  by  Professor  Tern  Smltlnand, 
Curator  of  the  Forest  Herbarium,  Forest  Products  Research  Division,  Thai 
Royal  Forest  Department.14 

I 

The  forest  In  this  area  was  divided  roughly  Into  three  layers  or 
strata.  The  overatory  or  dominant  canopy  consists  of  rather  scattered 
very  large  deciduous  trees.  Species  In  this  upper  level  Included: 

Manaonla  gagel.  Dloapyros  coaetanae .  Lageratroemla  florlbunda.  loudonll . 

Mlllettla  leu- ant ha.  Snondlas  manglfera.  and  Manllkara  hexandra. 

The  Intermediate  layer,  mostly  of  broad-leaved  evergreen  species, 
ranged  from  30  to  perhaps  75  or  80  feet  In  height.  Species  Include 
'  principally  Streblua  sevlanlca.  Clelstanthus  dasyphyllua.  Celtla  colllnsae. 

\  Atalantla  snlnosa .  Dloapyros  caull flora.  Euphorbia  trlgona.  and  Memecvlon 

ova turn. 

The  understory  of  small  trees  and  shrubs  Included  Grewla  sp., 
Mltrephore  sp.  and  Mltragyna  sp.,  along  with  smaller  specimens  of  thorny 
^Streblua  xevlanlca  that  form  dense  thickets  In  places. 

;  2.  Test  Site  II 

j  Test  Site  II  was  located  east  of  the  Pranburl  River  and  off  the 

access  road  from  the  headquarters  of  the  Replacement  Training  Center  to 
I  the  artillery  ranges.  The  terrain  at  this  site  was  mostly  level  with  a 

[  few  scattered  hills. 

(  Most  of  the  area  consisted  of  secondary  growth  of  shrubby  upland 

forest  with  a  few  reonents  of  the  original  forest  of  broad-leaved  ever- 
■  *  green  end  deciduous  trees.  Principal  trees  in  the  dominant  or  upper 

canopy  included:  Lagerstroemla  florlbunda.  Dlallum  lndum.  and  Dloapyros 
coaetanae .  Bamboo,  Bambusa  arundinacea.  was  dominant  in  a  portion  of 
•  the  secondary  forest,  together  with  Memecvlon  ovatum.  Streblua  tevlanlca. 

Hvdnocerpus  lllclfollua.  and  Vltex  qulnata. 
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Approximately  220  plant  apaciaa  hava  been  identified  from  the  tvo 
teat  aitea. 

That  the  vegetation  in  the  teat  areaa  vaa  almllar  to  that  of  the 
RVN  ia  ahovn  by  the  following  partial  liat  of  treea  and  planta  found  in 
both  placea.18 

TREES 

Manl lkara  hexandra 
Dloapyroa  mollla 
Memecvlon  flortbundum 
Streblua  aaper 
Ft cut  hlaplda 
Flcua  altiaalma 


URGE  GRASSES 


Flcua  calloaa 
Flcua  geniculate 
Bomb ax  lnalgne 
Tamarlndua  lndlca 
Alblazla  mvTiophvlua 
Capparla  mlcrantha 


Bambuaa  arundlnacea  4-  other  bamboos 
Saccharum  apontaneum 

SHRUBS  AND  VINES 

Paaalflora  foetlda 
Eupatorlum  odoratum 

A  partial  Hat  of  genera  of  treea  and  ehrube  common  to  the  RVN 
and  the  teat  location  lncludea: 


Diallum 

Lageratroemla 

Millettia 

Snondlaa 

Dloapyroa 

Euphorbia 


BY^nopaauA 

Nlcbuhrla 

Slndora 

Streblua 

Vltex 


Crewla 

ittsigSaa, 

Atalant^a 

Bauhinia 

Caeaalplnla 


C.  OPERATIONAL  FACILITIES 


Field  operation  headquartera  were  eatabllahed  In  Hue  Hln,  about  21  allea 
(35  km)  from  the  teat  aitea.  Hue  Hln  ia  132  ad  lea  (212  km)  aouthweat  of 
Bangkok  and  acceaaibla  by  paved  road,  railroad,  and  airplane.  A  realdence 
compound  vaa  laaaed  for  office  and  laboratory  facilities  as  veil  as  lodging 
accomandatlonc  for  resident  technical  personnel. 

Leased  vehicles  and  drivers  vsre  provided  for  travel  to  the  teat  sites, 
airport,  and  for  other  operational  requirements. 


Aircraft  operation  and  maintenance  facilities  vera  made  available  at 
the  Hua  Hln  Airport  located  four  alias  (6  ka)  north  of  Hua  Bln.  Use  of 
tha  airport  and  facilities  for  storage,  nixing,  and  loading  of  chemicals 
ware  provided  through  the  cooperation  of  the  Thai  Civil  Aviation  Depart¬ 
ment,  the  Ministry  of  Cotwsuni  cat  ions.  A  small  warehouse  for  equipment 
storage  was  shared  Jointly  ulth  tha  International  Civil  Air  Training 
Organisation  of  the  Thai  Ministry  of  Communications  that  operated  a  flying 
school  at  the  airport.  An  additional  shad  for  storage  of  chemicals  and 
loading  equipment  waa  provided  by  tha  Thai  Border  Police.  Air  America, 
Inc.,  contractors  for  tha  leased  spray  plane,  constructed  a  storage  build* 
lng  for  aircraft  malntananca,  tools,  and  parts. 

Airport  authorltlas  allotted  a  gravelled  parking  area  for  the  spray 
plane  and  adjoining  space  for  storage  of  dnau  of  chemical,  diesel  fuel, 
aviation  gasoline,  and  aircraft  angina  oil.  Project  personnel  constructed 
a  wooden  platform  near  the  tool  shed  and  parking  ramp  for  nixing  operations 
and  chaeri.ca 1  storage. 

Facilities  at  the  airport  Included  two  gravel  runways  and  a  control 
tower  with  a  two-way  radio  consul  lest ion  during  daylight  hours.  The 
north-south  runway  was  available  to  and  operable  by  the  spray  plane 
throughout  tha  entire  period  of  calibration  and  test  applications. 
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After  Approval  of  tha  taat  program  and  taat  alta  locations  by  Thai 
military  authorities  In  August  1963,  surveys  and  preparations  vara  made 
for  delineation  of  treatment  plots.  A  basic  treatment  plot  else  of  300 
by  1500  feat  was  selected  for  application  of  three  100-ft  swaths  on  a 
10-acre  area.  Treatment  plots  were  separated  by  buffer  sonee  100  by 
1500  ft  as  shown  In  Figure  3. 


A.  ACCESS  LANES 

Parallel  access  lanes  were  cleared  at  1500-ft  Intervals  delli  "at lag 
the  ends  of  contiguous  treatment  plots  and  buffer  sonas.  Lanes  were 
cleared  by  groups  of  Thai  laborers  using  machete-type  wood  axes  ("maada"). 
The  first  three  lanes  on  Test  Site  I  were  cleared  to  a  width  of  20  feet 
(Figure  4),  requiring  removal  of  trees  up  to  40  or  60  feet  In  height. 
Subsequent  lanes  were  narrowed  to  a  width  allowing  easy  passage  of  per¬ 
sonnel  and  equipment  and  minimal  trail  maintenance.  Distance  markers 
were  provided  at  400-ft  Intervals  for  each  200-ft-wlda  treatment  plot 
and  100-ft  buffer  sons. 

Test  Site  I,  approximately  one  mile  wide  and  three  alias  long,  was 
delineated  Into  treatment  plots  by  12  parallel  access  lanes .oriented  In 
an  seat -west  direction.  Lanas  ware  designated  by  numbers  1  to  12.  Lanes 
1  to  7  were  cleared  during  the  period  mid-August  through  Nov  saber  1963. 

Lanes  8  to  12  Included  sons  previously  cleared  lanes,  and  tha  remainder 
of  tha  test  site  was  delineated  In  March  1964  Into  120  poeslble  treatment 
plots  as  shown  In  Figure  1. 

Survey  and  lane  clearing  of  Test  Site  XX  were  Initiated  la  February 
1964  and  continued  through  October  1964.  An  additional  serlea  of  22  plots 
for  retreatment  was  established  In  December  1964  and  January  1965.  Lanes 
In  Test  Site  XX  were  designated  by  letters  A  to  X.  More  than  150  treatment 
plots  were  made  available.  Including  several  5 -acre  plots  300  by  800  ft  for 
chemicals  In  short  supply  and  for  evaluation  of  localised  areas  dominated 
by  baaboo  (Figure  2).  Access  lanes  la  Test  Site  XX  were  oriented  in  several 
directions  to  provide  minimal  distances  from  tha  graded  road  marking  tha 
west  boundary  of  the  test  sits. 

Xn  the  two  test  sites  combined,  more  than  33  miles  of  major  access 
lanes  were  cleared  and  maintained  during  the  test  program.  Test  site 
preparation  also  Included  the  clearing  and  maintenance  of  an  additional 
52  miles  of  evaluation  and  camera  station  trails  within  the  treated  plots 
as  described  In  tha  following  paragraph.  Clearing  of  regrowth  and  trail 
maintenance  on  this  total  87  miles  of  lanes  and  trails  was  required 
throughout  the  test  and  evaluation  period. 
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Figure  4.  Aceiat  Lane  M  Teat  Slta  X  Showing  Dana*  Foraat  Vagatatlon. 


B.  EVALUATION  AND  CAMERA  STATION  TRAILS 

Treatment  plots  vara  normally  300  ft  vlda  and  1500  ft  long,  allowing 
for  thraa  contiguous  100-ft  avaths  1500  ft  long,  as  lndlcatsd  by  tha  flight 
paths  In  Flgura  3.  Buffar  tone a  100  ft  vlda  vara  provided  between  treat¬ 
ment  plots  to  allow  for  spray  drift  and  overlapping  of  adjoining  treatments. 
Although  buffar  sonas  vara  not  delineated  at  tha  ends  of  each  plot  bordering 
tha  access  lanes,  It  was  recognised  that  overlapping  of  spray  applications 
or  Incomplete  spray  deposition  could  occur  within  200  to  300  feat  on  either 
side  of  the  access  lanes.  Tha  portion  of  each  treatment  plot  selected  for 
evaluation  was  therefore  restricted  to  the  center  500  ft  of  plot  length  and 
♦as  central  100  ft  of  plot  width  to  minimise  possible  overlapping  and  border 
effects. 

An  evaluation  and  camera  station  trail  1000  ft  long  was  established  In 
the  central  swath  of  each  plot.  Six  camera  stations  for  vertical  visibility 
evaluation  were  permanently  marked  at  100-ft  Intervals  with  Camara  Station  1 
at  a  distance  of  500  ft  from  the  access  lane  at  the  end  of  the  plot.  From 
Camera  Station  l  the  trail  was  offset  from  the  center  line  30  degrees  left 
for  a  distance  of  200  ft  and  20  degrees  right  for  the  remaining  300  ft  to 
provide  sampling  stations  across  the  central  100-ft  swath. 
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Lum  miin—nti  war*  Mdt  in  August  1963  by  the  ASIA  lfcDPU-T  with 
Air  Auerlea,  Inc.,  for  Mrrleu  of  t  twin-engine  Beechcraft  Ton -Too 
(modified  C-45)  equipped  with  i  spray  distribution  tyttw  for  uss  in  tho 
defoliation  toot  program.  Spray  oqulyaont  was  Installed  is  tho  contract 
ylano  at  Sahara  field,  California,  by  yronch  Aviation  Cony  any  based  on 
syeclflcatlons  Mutually  agreed  upon  by  O.S.  Any  Biological  Center  and 
Air  Aaarlea,  Inc.  A  brief  flight  teat  of  the  equlyaent  was  node  on 
16  Ostober  1963  In  the  presence  of  personnel  froa  D.8.  Any  Biological 
Canter.  Miner  Modifications  were  suggested  to  inprove  the  efficiency 
of  tho  distribution  systaa  for  research  aypllcatloaa. 

The  plane  and  equlyaent  were  than  ferried  OCOHOS  for  additional 
aodlflcation  yrlor  to  delivery  In  Bangkok,  Thailand,  on  17  Decoder  1963. 
The  ylane  wee  node  available  to  the  defoliation  yrograa  la  late  Decaaber 
for  flight  tests  and  calibration. 

The  syray  distribution  systaa  consisted  essentially  of  indorsing  bocaa 
fitted  with  %-inch  diaphragm- Jet  ness lee  at  6 -Inch  syaclag,  sa  air -driven 
yu ay,  and  a  180-gallon  stainless  steel  tank.  The  distribution  systaa  was 
designed  for  operation  at  pressures  of  10  or  15  to  60  pel  with  delivery 
rates  of  20  to  200  gallons  per  ainute.  Deposition  rates  of  0.5  to  6.0 
gallons  per  acre  ware  possible  at  flight  speeds  of  100  knots  (figure  5). 

Details  and  specifications  of  the  eqwlynamt  are  given  in  Appendix  B. 

The  spray  aircraft  was  stationed  at  the  Mss  Kin  Airport  during  the 
entire  period  of  calibration  and  teat  application.  The  Air  Aaarlea  pilot, 
John  D.  Hare  eg,  worked  closely  with  project  personnel  froa  O.S.  Any 
Biological  Center  during  the  entire  calibration  and  test  application 
period.  TWo  Air  America* aircraft  Mechanics  were  assigned  to  the  project 
for  the  sons  period  and  provided-  excellent  support  and  cooperation  In 
the  test  operations,  particularly  la  supervision  of  the  preparation  and 
loading  of  chemical  spray  solutions. 
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A.  PUTUATMDTT  CALTMATIOB 

1.  Stacie  Flow  Teats 

Tha  aircraft  spray  system  vas  calibrated  during  stationary  tests 
at  Don  Huang  Airport  In  Bangkok  to  establish  generalised  flow  retes  of 
water  and  diesel  fuel.  Flow  rates  were  obtained  by  weasurlng  the  sanuats 
of  spray  delivered  over  specified  tlsa  periods  for  various  groupings  of 
naealaa,  nocsle  orifices,  and  pressures. 

After  transfer  of  tha  plana  to  operational  headquarters  at  the 
Hue  Bin  Airport,  static  flow  casts  were  conducted  with  Purple  and  Fink 
in  1:1  or  1:2  dilutions  with  dlasel  fuel  or  with  the  pure  chenl cal. 

Flow  retes  were  also  detenlnad  on  water  solutions  of  butyna  dlol  as  a 
representative  of  tha  water-soluble  chanlcals. 

Flow-rate  Infornatlon  obtained  In  these  tests  was  used  to  select 
noeale  spec  lags  and  pressures  for  desired  deposit  rates  with  various 
chanleal  solutions  and  nixtures. 

2.  Flight  Calibrations 

Prellninary  flight  tests  with  diesel  fuel  were  calibrated  In  early 
February  at  the  Hue  Bln  Airport.  Xmrlnd  flights  were  node  at  heights  of 
SO  to  73  feat  over  tha  north-south  runway.  Spray  deposit  patterns  ware 
secured  on  oll-sansltlve  dye  cards  pieced  at  10-ft  Intervale  on  a  540-ft 
line  crossing  tha  runway. 

A  calibration  grid  was  later  developed  at  tha  seen  location  to 
peralt  Inwind  flights  la  any  direction.  This  grid  consisted  of  four 
saapllng  lines  540  ft  long  with  a  cosnwn  aid  point .  Flight  teats  were 
node  with  diesel  fuel  containing  red  dye,  and  spray  deposit  patterns 
were  color laatrlcally  determined  with  a  Bauscfa  and  leab  Spectroalc  20 
spectrophotoneter. 

These  prellninary  tests  of  boon  configuration  showed  that  noasles 
equally  spaced  for  full  boon  length  produced  a  biaodal  deposit  pattern 
la  a  swath  approximately  ISO  ft  wide. 

Subsequent  modifications  la  which  noasles  were  restricted  to 
inboard  peeltlene  behind  the  angina  nacelles  gave  approximate  100-ft 
swath  widths  but  retained  the  blamdal  pattern.  Flight  tests  la  which 
10-  to  13-dagrea  flaps  were  used  during  spray  application  gave  a  suitable 
uniform  deposition  pattern  with  a  swath  width  of  100  to  120  feat. 
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B.  CALIBRATION  DOBING  TEST  APPLICATION  PERIOD 

In  March  1964  calibration  operation*  vara  moved  to  a  new  grid  adjacent 
to  the  teat  aitaa.  The  grid  waa  operated  throughout  the  teat  application 
period  to  provide  information  on  apray  depoait  ratea  for  the  boom  and  nozzle 
configuration  and  apray  mixtures  uaed  in  each  treatment.  From  two  to  five 
flighta  were  calibrated  concurrently  with  each  treatment.  Additional  cali¬ 
bration  were  occaaionally  required  prior  to  treatment  with  new  chemicala 
or  aolutlona  for  which  data  were  lacking  on  flow-rate  characterlatlca. 

The  grid  waa  located  on  a  rifle  range  on  the  Replacement  Training 
Center  in  a  cleared  area  1000  by  2500  feet.  Four  grid  line*,  each  600  ft 
long  and  with  a  common  midpoint,  were  delineated  by  3-foot-high  atakea  «t 
10-foot  intervale.  Each  ataka  waa  capped  by  a  metal-rubber  clip  to  permit 
attachment  of  a  pair  of  6-  by  6-inch  aluminum  or  atalnleaa  steal  platea 
for  collection  of  apray  depoait. 

During  calibration  flighta,  apray  depoait  pattern  were  obtained  on  the 
aelected  grid  lino  on  two  aarlea  of  platea  (Figure  6).  White  Kromecote 
carda  were  mounted  on  one  aat  of  platea  for  a  visual  check  of  apray  deposit 
pattern  and  for  determination  of  mass  median  diamater  of  apray  droplata. 

The  other  aeries  of  platea  was  ned  to  determine  spray  depoait  ratea  by 
the  acetone  wash  and  colorimetric  technique,  as  described  in  Appendix  C. 

A  meteorological  station  at  the  grid  included  a  hygrothermograph,  a 
throe -e learnt  thermistor  for  securing  temperature  readings  at  ground 
level  and  flight  altitude,  and  a  Modal  L  Belfort  anemometer  with  direc¬ 
tion  and  velocity  transmitter  mounted  on  a  50 -ft  tower  (Figure  7).  The 
anamoamtar  waa  equipped  with  a  supplemental  velocity  indicator  calibrated 
to  reed  wind  velocities  up  to  10  miles  per  hour  to  the  nearest  0.1  mile 
(Figure  8).  Data  were  recorded  at  the  time  of  each  calibration  flight 
on  (1)  wind  direction  and  velocity  at  flight  altitude  (50  or  35  feat), 

(11)  sir  temperature  at  ground  level  and  at  flight  altitude,  and  (111) 
relative  humidity. 

Supplaammtal  observations  were  made  of  wind  direction  and  velocity  at 
tree  tot  height  at  one  or  two  locations  In  the  test  sites  (Figure  9). 
leadings  were  taken  at  5-mtnute  intervals  by  an  observer  stationed  at 
the  test  site  location  during  the  time  of  plot  treatment  and  calibration. 
Concurrent  read Inga  taken  at  the  calibration  grid  permitted  comparison* 
of  grid  and  test  sit*  conditions. 

Calibration  operations  and  subsequent  laboratory  determinations  of 
spray  depoait  rates  were  carried  out  by  a  crew  of  three  to  five  Thai 
workers  under  the  direction  of  a  supervisor  from  D.8.  Army  Biological 
Center  military  personnel. 
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Flgura  8.  AnnoMtar  Consol*  fot  Wind  Direction  sod  Velocity  loading*. 

MlUlanater  at  Cop  raglstar*  wind  velocity  up  to  10  wph  to 
tha  n Jar* st  0.1  a.oh. 
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Fleur*  9.  Supplemental  Weather  Steele*  at  Teat  Site  I. 
AneMter  aounted  above  tree  caaopr. 
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Prior  Co  test  apyliutioa,  a  vegetation  lavaatory  na  taken  on  aaeh 
traataaat  floe  to  provide  information  on  ve getational  composition  and 
structure.  Tha  invent  or  laa  vara  cakan  by  Thai  foraatara  of  the  Environ¬ 
mental  la anarch  group  of  tha  AlPA  BADPU-T  under  tha  direction  of  Lieutenant 
Colonel  V.l.  Scheible.  Personnel  conducting  the  lnventorlea  were  trained 
to  identify  and  recognise  native  trees  and  ah rub a  of  the  teat  location. 

The  inventory  on  each  treatment  plot  consisted  of:  (1)  a  list  of 
species  in  the  dominant  canopy  and  intermediate  tree,  shrub,  and  ground- 
cover  layers  for  individual  lOu-ft  segment a  of  the  central  500-ft  transect; 
(11)  tallies  of  the  numbers  of  individual  plants  of  each  tree  or  shrub 
tagged  or  narked  for  future  recognition  along  tha  500-ft  belt  transect ; 
and  (ill)  a  chart  amp  of  the  individual  trees  and  shrubs  located  within 
a  20-  to  30-ft  radius  of  each  of  tha  six  camera  stations. 

A  code  nunber  was  assigned  to  each  species  for  convenience  in  marking 
individuals  for  future  recognition  in  evaluation  of  treatment  response 
and  in  tabulations  of  vegetation  Inventory.  Identification  and  marking 
of  individual  trees  or  shrubs  along  the  evaluation  trail  by  the  inventory 
teem  thus  facilitated  later  evaluations  of  species  response  by  personnel 
from  0.5.  Army  Biological  Center,  regardless  of  their  lack  of  familiarity 
with  Thailand  vegetation  or  plant  Identification. 

More  then  220  plant  species  were  recorded  from  the  teat  site  area  of 
which  35  to  SO  were  frequently  encountered  on  the  tallies. 

Data  on  species  composition  were  compiled  for  each  treatment  plot  and 
for  the  too  test  sites.  Opposition  was  expressed  as  abundance  am  the 
heals  of  numbers  of  tallied  Individuals  of  each  species  la  each  plot  com¬ 
bined  with  the  numbers  of  Individuals  charted  on  the  camera  station  dia¬ 
grams.  Percentage  composition  data  ware  based  on  tha  proportion  of 
Individuals  of  a  species  to  the  total  iwmhar  of  individuals  tallied  la 
each  plot  or  In  the  total  test  site.  Frequency  percentages  were  calculated 
for  each  apse  las  on  the  basis  of  proportion  of  plots  la  each  teat  site  la 
which  the  species  occurred.  Data  on  species  comp  cult ion  sad  frequency 
(301  or  mere  only)  for  the  two  test  sites  are  shown  la  Table  2.  Species 
ere  segregated  sa  the  basis  of  occurrence  la  the  dominant.  Intermediate, 
and  shrub  layers.  A  coup  late  tabulation  of  species  will  be  presented  la 
a  later  report. 
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Inventory  kM  ah  aw  rather  urM  ilffmaeu  la  tbt  ifteiti  conpoel- 
tlen  **4  traywncy  on  the  two  toot  iltu,  although  aoot  opaelao  woro  found 
oa  both  sltoa.  Manaonla  igga ±  aad  Anthoroporua  Plorrol  «oro  two  of  tho  el* 
principal  doalnanta  on  Toat  31 ta  X.  Banfema  arundlnacaa  (baaboo)  aad 
Laaeratroanla  florlbuada  vara  aoat  abundant  aa  doalnanta  oa  Teat  Slta  IX. 
uo  Taat  Slta  I  Stroblua  rorlanlca  aad  Clalatanthua  datvphvllua  eoaprlaad 
731  of  tho  eaapoaltloe  of  tho  lntaraadlata  atrata.  On  Taat  Slta  II  eeveral 
at bar  apaclaa  vara  laportant  eoapoaaat«  of  tha  lntaraadlata  layer,  Includ¬ 
ing:  HaaacTlon  QTatun.  12.11;  Brdnocarpua  lllclfollua.  4.31;  S^JUSlS. 
toaantoaa.  3.41;  aad  Olaa  —yinwa-  3.61.  Tha  shrub  layer  In  Taat  Slta  I 
had  no  prodoalnatlng  apaclaa  but  oa  Taat  Slta  XI  Clalatanthua  ap.  aad 
Acacia  conooa  eoaprlaad  aora  than  301  of  thla  layer. 

Speclaaaa  of  all  woody  apaclaa  aacouatarad  vara  collected  at  the  taat 
altaa  aad  ldaatlflad  principally  by  Dr.  Taa  Saltlnaad,  Tor eat  lotaalat  of 
tho  loyal  Vera  at  ry  Da  part  soot,  with  tha  eollaboratloa  of  other  botaaleta 
of  Kaaataart  aad  Chalaloagkora  Unlveraltlea.  Certain  plant  apecinena 
vara  verified  aad  Identified  at  tha  Singapore  lot  aa  leal  Cardan  Barbarian 
aad  at  Kao  Cardano  Barbarian  la  London,  England. 


A.  PLOT  SELECTION 


TrMtMnti  war*  Mda  on  duplicate  plots  generally  aalactad  froa  the 
two  teat  sites.  Within  the  test  site  adjacent  alternate  plota  were 
selected  for  rate  or  voluae  comparisons  of  the  same  chemical.  Small- 
area  plot  tests  and  treatments  on  bamboo-dominated  vegetation  were  limited 
to  Test  Site  IX;  replicate  plots  of  these  treatments  were  selected  from 
different  portions  of  the  site. 


B.  MASKING  OP  PLOTS  POP  AERIAL  SPRAT  APPLICATION 

The  relative  else  and  close  proximity  of  test  plots  required  a  preclae 
method  for  aerial  location  of  the  plots  selected  for  treatment  and  for 
delineation  of  flight  paths  for  the  pilot  In  making  apray  appllcatlona 
at  flying  helgfata  of  35  to  50  feet  above  the  forest  canopy.  A  flag  or 
panel  marking  eyatem  waa  developed  that  aatisfied  these  requirements 
(figure  10). 

flags  were  erected  In  the  tope  of  the  tallest  trees  nearest  the  four 
extremities  of  the  outer  swaths  to  be  treated?.  The  pilot  was  thus  able 
to  line  up  flight  patha  on  the  palra  of  flags  marking  the  ends  of  the 
1500-ft  swatha  and  to  fly  midway  between  the  pairs  of  end  flags  for  the 
remaining  central  swath  (figure  3). 

Marker  trees  were  eelected  so  that  flags  would  be  clearly  vlalble  to 
the  pilot  from  either  direction  on  the  flight  path  whan  approaching  at 
spraying  height.  Diataneea  were  measured  from  the  selected  flag  trees 
to  the  correct  poeitions  marking  the  flight  paths  (200  ft  apart)*.  A  map 
of  corrected  flight  paths  In  relation  to  the  flag  posltlena  was  provided 
for  pilot  guidance  at  the  time  of  test  application. 

flags  consisted  of  sets  of  three  triangular  cloth  panels  mounted  at 
the  ends  of  18-feet  steel  tubing  (figure  11).  The  panels  were  supported 
by  col tape lb le  arms  or  braces  for  convenience  in  raising  sad  lowering 
the  flag  through  the  tree  canopy.  When  expanded,  the  vertically  oriented 
panels  presented  a  diamond -shaped  surface,  6  by  6  ft,  visible  to  the  pilot 
from  any  direction. 

flags  were  erected  by  expert  tree  climbers  froa  the  Thai  lane -clearing 
crews  who  exhibited  considerable  dexterity  la  positioning  tbs  flags  fn  the 
tope  of  trees  ranging  in  height  froa  30  or  *0  to  more  than  100  ft. 
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Figure  It.  Mot -Marking  flag  la  Poaltloa 
Abort  Highest  Canopy  Uni. 


Beginning  In  Dtetoiwr  1964,  the  positions  of  three  of  the  sis  casta re 
stations  vers  marked  by  yellow  flags  prior  to  traatnsnt  in  addition  to 
narking  the  treatment -plot  corners.  This  procedure  permitted  an  aerial 
location  check  to  lnsura  that  the  camera  station  and  evaluation  trail 
were  entirely  within  the  area  to  be  treated  and  would  receive  full  spray 
coverage.  Krooecote  cards  were  exposed  at  each  camera  station  for  a 
visual  check  on  spray  penetration  of  the  forest  canopy  following  traatnsnt. 


C.  PREPARATION  AND  LOADING  OF  CHEMICAL  SPRAT  SOLUTIONS 

Prior  to  application,  a  chealcal  loading  shast  was  prepared  with  the 
calculated  voluas  and  composition  of  the  spray  solution  for  the  specified 
treatment. 
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Total  voluan  ragulrsnanf  for  a  specif lad  toot  application  voro 
based  on: 


1)  VoIubm  Banded  for  plot  application 

2)  Adjustment  for  estianted  dapoiu  rac ovary 

3)  Voltnaa  naadad  for  grid  paaaaa 

4)  Tank  reserve,  30  gaj 

5)  Boon  allowance,  3  gal 

For  example,  a  apaciflad  treatment  with  1001  Purple  waa  appllad  to 
obtain  a  depot  it  volume  of-  2.0  gal/acro.  A  recovery  of  BOX  naeaaaltatad 
2.5  gal/acro  ralaaaod  froai  aircraft.  Tho  following  tank  volumes  worn 
required  for  tho  ant  Ira  flight: 

55  gal  for  22  acraa  covaraga 

30  gal  for  grid  peases 

30  gal  for  tank  raaarva 

5  gal  for  boon  allowanca 

120  gal  •  total  woluna  roqulranant 

Tho  anount  of  chanlcal  raqulrod  for  a  taat  application  wao  calculated 
on  tha  baala  of  daalrad  dopoalt  rata  of  active  ingredi'ut  or  acid  equlvs- 
lant  of  tha  notorial  to  ba  sprayed.  Calculatlona  took  into  account  tha 
purity  or  concantratlon  of  active  ingredient  la  tha  f emulated  product 
aa  well  aa  tha  percentage  recovery  vo liana. 

For  example,  cacodyllc  acid  containing  c.51  active  Ingredient  ana 
a prayed  at  a  dapoait  rate  of  2.5  lb/acre  and  a  deposit  voluna  of  2.0 
gal/acre  at  aa  eatlnatod  -ec every  rata  of  701.  3m  anount  of  cacodyllc 
acid  product  required  waa  2.5  lb  divided  by  O.f.  or  3.S5  lb  for  each 
2.0  gal  of  prepared  a  pray  nix  turn.  To  obtain  a  dopoalt  voluna  of  2.0 
gal/acre  at  701  recovery,  a  a pray  delivery  rate  of  2.0  divided  by  0.70 
or  2.B  gal/acre  waa  required.  Total  volume  and  ehonleal  requlrananta 
were  calculated  aa  in  the  previous  ananplo. 

In  addition  to  calculation  of  total  voluna  and  chanlcal  requlrananta, 
tha  proper  naaale  configuration  and  tank  pressure  required  to  deliver 
the  specified  aprey  voluna  waa  dataradned  fran  previous  callbratlona. 

Thus,  at  100  knots'  flying  speed  and  with  a  swath  width  of  100  feet,  tha 
aircraft  covered  23  acres  per  Minute.  The  total  noasla  flow  rate  required 
in  the  example  with  cacodylle  acid  was  2.8  gal/acre  x  23  acres  per  ntnute 
or  65  gal  per  Minute. 

This  In forest ion  waa  than  used  by  tha  airport  crew,  supervised  by  a 
technician  from  tha  U.8.  Any  llological  Center  to  Measure  tha  various 
esnpanonts  of  tho  apray  nlxtura  and  prepare  than  for  loading  into  tha 
aircraft  tank. 


I 
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Specified  amounts  of  dye,  usually  DuPont  oil-soluble  red  or  rhodMd.no 
blue,  were  added  to  the  apray  mixture  to  detenlne  apray  depoalt  la  grid 
calibrations  as  discussed  In  Appendix  C. 

Spray -mixture  components  were  nixed  In  open-topped  5 5 -gal Ion  drums 
with  hand  paddles  (Figure  12).  The  spray  solution  was  usually  prepared 
on  the  afternoon  preceding  the  application  date  and  loaded  with  a  gasoline- 
driven  centrifugal  pump  and  oil-resistant  hoses  In  the  predawn  hours  just 
before  take-off. 

Gloves  and  face  masks  were  used  as  needed  to  avoid  skin  Irritation 
arising  from  prolonged  contact  with  certain  of  the  teat  materials.  A 
Thai  aircraft  mechanic  Indoctrinated  In  appropriate  safety  precautions 
supervised  the  ground  crew. 
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0.  AERIAL  APPLICATION 

TruCant  application  involved  tha  coordinated  effort  a  of  the  flight 
crew  constating  of  pilot  and  spray  technician,  tha  calibration  grid  crew, 
and  tha  airport  craw.  Radio  contact  was  maintained  during  tha  application 
period  between  the  pilot  and  tha  calibration  grid  supervisor  who  provided 
meteorological  data  fron  the  grid  and  scheduled  tha  calibration  and  plot 
application  flights.  Tha  grid  supervisor  was  responsibla  for  possible 
cancellation  of  test  spplicatlons  because  of  unfavorable  winds  or  other 
adverse  test  conditions.  Radio  coeaamlcatlon  with  the  airport  crew  was 
also  available  to  tha  pilot. 

The  typical  sequence  of  in-flight  procedures  during  treatment  applica¬ 
tion  Included: 

1)  Initial  priming  of  spray  system  and  regulation  to  desired 
pressure 

2)  Calibration  grid  flight 

3)  Plot  application 

4)  Calibration  grid  flight 

5)  Plot  application 

6)  Calibration  grid  flight 

Sprays  In  calibration  flights  and  on  test  plots  vers  applied  at  a  standard 
airspeed  of  100  knots  at  a  height  of  33  to  30  feet  above  the  forest  canopy 
or  grid  surface. 

The  following  data  were  recorded  by  the  spray  technician  for  calcula¬ 
tion  of  flow  rata  and  spray  volume  delivered  (Appendix  0): 

1)  Time  of  spray  run 

2)  Air  speed  In  knots 

3)  Tank  pressure  at  spray  delivery 

4)  Duration  of  spray  run  (seconds) 

3)  Tank  gauge  reading  (gallons) 

6)  Plight  path  aslmuth  or  direction 

Flow  rata  and  gallons  per  acre  released  were  calculated  in  flight  after 
the  first  spray  run  to  corroborata  or  - ....  ts  pressure  value  settings  if 
necessary. 

On  completion  of  spray  application,  data  from  all  spray  runs  were 
composited  to  calculate  flow  rate  (gpm)  and  spray  volume  delivered  In 
accordance  with  the  following  equations: 

Plow  rate  In  gpm  -  pfqogjf  , 

Number  of  seconds  In  spray  run 


Gallons  per  acre  released 


Flow  rate  In  nm 
23  acres  per  minute 
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The  factor,  23  acraa  par  minute,  represented  the  area  covered  In  a  100-ft 
swath  In  one  alaute  at  the  standard  100-knot  airspeed. 

Immediately  upon  return  of  the  aircraft  froa  a  spray  application,  the 
residue  of  cheaical  aix  was  drained  froa  the  tank,  pump,  and  booa.  Two 
20-al  samples  wera  taken  froa  the  drainings  to  be  used  for  colorlaetrlc 
standards  In  laboratory  analysis  of  tha  grid  daposlt  data. 

The  aircraft  and  booa  systea  ware  subjected  to  a  rigid  schedule  of 
flushing  and  washing  after  each  spray  flight.  The  aircraft  was  first 
scrubbed  with  water  containing  soap  or  detergent  and  IT  aaaonla,  then 
washed  with  a  dilute  solution  of  acetic  acid  and  given  a  final  rinse 
with  water.  Spray  boons  and  nosslaa  were  thoroughly  flushed  with  water. 
Moss lea  were  checked  at  least  once  a  week  for  deterioration  of  tha 
diaphragms  and  gaskets. 


S.  LABORATORY  ANALYSIS  OF  SPRAY  DEPOSIT  RATES  AND  VOLUMES  FROM  GRID 

CALIBRATION 

Spray  deposit  rates  and  volumes  for  aaeh  treatment  application  were 
obtained  by  a  colorimetric  technique  that  Is  discussed  In  detail  In 
Appendix  C.  Figure  13A  Illustrates  the  removal  of  the  spray  deposit 
from  the  exposed  plate  and  lta  matching  cover  plate  by  rinsing  with 
acetone  or  other  appropriate  solvent.  Colorimetric  determination  of 
the  spray  material  In  these  rlnae  solutions  was  made  with  a  Bauaeh  and 
Lomb  spectrophotometer  aa  shown  In  Figure  13B.  Data  were  converted  to 
spray  deposit  values  expressed  In  gallons  per  acre  baaed  on  standards 
prepared  from  the  samples  of  original  spray  solution  obtained  following 
treatment  application. 

A  profile  of  spray  deposit  values  was  graphed  for  each  grid  flight. 
Average  deposit  rates  were  calculated  In  pounds  per  acre  of  active  Ingredi¬ 
ent,  and  maximum,  mean,  and  minimum  deposit  volumes  per  plot.  Depos 
recovery  values  wera  obtained  by  comparing  daposlt  volumes  obtained  from 
grid  deposits  with  delivered  volumes  obtained  from  flight  records 
(Appendix  C).  Maas  median  diameter  of  spray  droplets  was  determined 
from  the  Kronacote  cards  exposed  during  crosswind  flights. 
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A.  RATIONALE 

The  objective*  of  the  defoliation  teet  program  were  to  determine 
minimal  effective  doeege  treatment*  with  Purple  end  related  herbicide* 
end  to  evaluate  the  effectivenesa  of  other  chemical  agents.  Evaluation 
techniques  were  therefore  needed  that  would  accurately  appraise  the  total 
degree  of  defoliation  or  foliage  removal  by  a  wide  array  of  chemical 
treatments.  The  test  program  also  provided  an  excellent  opportunity  to 
secure  quantitative  data  of  Importance  in  military  operations  on  changes 
in  vertical  and  horisontal  visibility  in  the  Jungle  environment  as  affected 
by  defoliation. 

Three  evaluation  techniques  were  developed  in  the  early  stages  of  the 
project  to  meet  these  requirements:  (i)  visual  evaluations,  (11)  vertical 
canopy  photography,  and  (ill)  "dot -count"  horisontal  visibility  measure¬ 
ments.  The  three  types  of  evaluation  were  conducted  at  the  following 
scheduled  intervals  to  provide  information  on  rapidity  of  action  of 
chemicals  and  the  duration  and  trends  in  defoliation  responses: 

1  week  2  months  6  months 

2  weeks  3  months  8  to  9  months 

3  weeks  4  months  12  months 

4  weeks  3  months 

Visual  estimates  of  defoliation  were  used  to  appraise  the  defoliation 
response  of  the  total  vegetatlonal  cover  to  chemical  treatment.  Ratings 
obtained  by  this  technique  were  directed  primarily  toward  an  evaluation 
of  effectivenesa  of  chemical  treatments  as  related  to  rates,  volumes, 
season  of  application,  and  type  of  chemical. 

A  second  technique  employing  vertical  photography  gave  quantitative 
measurements  of  ground-air  visibility  as  related  to  defoliation  response. 
Repeat  photographs  at  permanent  locations  in  each  treatment  plot  provided 
e  continuing  record  of  canopy  obscuration,  as  determined  quantitatively 
by  e  compositing  light  meter  or  obscurlmeter. 

From  the  military  point  of  view,  air-to-ground  vertical  visibility  is 
probably  more  important  than  ground-tc-air  visibility.  However,  the 
difficulties  in  evaluating  changes  in  air-ground  visibility  by  means  of 
aerial  observations  or  photography  with  the  timing,  precision,  and  total 
number  of  observations  required  for  an  adequate  volume  of  data  were  almost 
insurmountable.  Further,  this  technique  would  have  required  the  placement 
of  some  type  of  reflective  markers  or  targets,  on  or  near  the  ground.  In 
over  230  plots,  and  maintenance  of  these  targets  throughout  the  test 
period.  By  contrast,  if  it  can  be  assumed  that  there  is  a  direct  rela¬ 
tionship  between  air-to-ground  visibility  and  ground-to-air  visibility. 
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the  latter  may  b«  atanrtd  quickly,  easily,  aad  accurately  by  tba  careful 
adaptation  of  standard  photographic  techniques .  The  method  adopted 
required  only  a  vary  small  Investment  la  equipment  aad  a killed  labor 
coopered  to  the  extremely  large  expenses  Involved  la  aircraft  operatloaa. 

Mo  targets  vara  required  aad  Laboratory  evaluatloa  of  the  photographs 
was  staple,  feat,  aad  reliable. 

Horlaontal-vlalblllty  aaasuraaaata  vara  obtalaed  by  the  third  technique 
that  dealt  with  the  portion  of  the  jungle  or  forest  oavlranaont  wlthla 
which  the  foot  soldier  operates.  The  technique  Involved  observation  of 
a  huaan-slaed  target  oa  eight  aslautha  over  a  range  of  specified  distances. 
Horlsontal-vlalblllty  data  furnished  a  measur'  of  effectiveness  of  defolia¬ 
tion  in  the  shrub  aad  ground-cover  layer  of  the  forest  la  coatrast  to  the 
upper  canopy  effects  Measured  by  the  vertical  photography  technique. 

Supplemental  use  was  wads  of  oblique  aerial  photographs  takaa  In 
Kodachroaw,  Ektachrone,  and  Infrared  Kodaehrowe  of  Individual  plot  treat¬ 
ments  la  recording  changes  In  defoliation  response  aad  la  determining 
uniformity  of  spray  coverage.  Evaluation  of  response  was  based  primarily 
on  dominant  <  atopy. 


B.  VISUAL  ESTIMATES  OF  DEFOLIATIOM 

Visual  eatiseitae  of  defoliation  of  vegetation  and  individual  epeciaa 
were  used  as  a  p-  l wary  rating  system  of  effectiveness  of  chemical  spray 
treatments.  Eat  .ngs  were  smda  at  scheduled  Intervals  of  percentage 
defoliation  of  over-all  vegetation  and  of  the  component  dosdnant,  inter¬ 
mediate,  shrub,  and  ground-cover  layers.  Concurrent  ratings  on  a  0  to  10 
scale  were  made  on  defoliation,  or  regrowth,  or  both  of  individually 
marked  trees  and  shrubs. 

In  making  the  appraisal  on  a  treatment  plot,  the  observer  traversed 
the  centrally  located  500  feet  of  evaluation  trail,  recording  first  the 
defoliation  of  individually  marked  plants.  Over-all  estimates  were  than 
smda  after  inspection  of  the  entire  central  portion  of  the  plot.  The 
observer  smntally  composited  or  averaged  responoes  of  the  entire  vegeta¬ 
tion  profile  to  obtain  tha  over-all  rating. 

Immediately  after  treatment  application,  notes  were  taken  of  tha 
general  spray  deposit  pattern,  relative  penetration  of  spray  to  ground 
level,  and  any  irregularities  in  spray  coverage  in  relation  to  plot 
boundaries  and  tha  permanent  camera  stations. 

Periodic  observations  furnished  information  on: 

1)  Amount  and  duration  of  follaga  removal  In  the  over -all  vegeta¬ 
tion  cover  and  in  tha  various  structural  components  of  tha  profile  includ¬ 
ing  dosdnant  canopy,  intermediate  traa  layer,  shrub  layer,  and  ground  eovar. 
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2)  Characteristics  of  plane  rasponaa  classified  as  (1)  harblcldal 
action— systemic  and  growth -regu lacing  af facta  raaulclng  In  dafollatlon 
and  subsequent  death,  (11)  daslceant  or  contact  action— nonay atomic  af facta 
character la ad  by  rapid  death  of  foliage  without  injury  or  death  of  plants— 
foliage  removal  followed  by  regrowth,  and  (111)  defoliant  action— stimulation 
of  leaf  fall  or  abscission  without  auatalned  Injury  or  death  of  the  plant— 
often  characterised  by  a  rapid  shedding  of  green  leaves  following  application 
of  cheadcal  defoliants. 

3)  Sapidity  of  defoliation,  harblcldal  action,  and  other  plant 

responses. 

4)  Duration  of  aaxisun  or  effective  defoliation  response. 

>  Characteristics  of  regrowch  or  recovery  of  vegetation  following 

defoliate 

In  general,  the  data  are  considered  to  be  a  fairly  reliable  Index  of 
treatment  effectiveness.  One  or  two  observer  team  members  conducted 
each  evaluation. 

Replacement  personnel  worked  with  experienced  observers  to  secure 
uniformity  over  the  teat  period.  During  the  dry  season  some  difficulty 
was  encountered  In  distinguishing  the  effects  of  chemicals  and  that  of 
natural  defoliation,  particularly  In  Teat  Site  XI. 

Treatments  yielding  over-all  defoliation  In  excess  of  60  to  651  were 
considered  to  be  affective  from  the  military  standpoint. 


C.  VERTICAL  PHOTOGRAPHY 

Briefly,  the  method  may  be  described  as  follows.  Very  high  contrast 
photographs  of  the  forest  canopy  were  made  with  the  sky  as  a  background. 
These  photographs  were  taken  at  six  marked  locations  In  each  plot,  before 
end  at  12  Intervals  after  treatswnt,  according  to  the  schedule  given  In 
Section  IX,  A.  Each  series  of  repeat  photographs  was  carefully  taken  at 
exactly  the  same  marked  spot,  with  the  camera  adjusted  on  a  tripod  so 
the  lens  axis  was  in  a  precisely  vertical  position. 

The  negatives  obtained  were  high  contrast  silhouettes  of  the  upper 
canopy.  In  which  the  white  and  black  areas  represented  obscuration  and 
visibility,  respectively.  The  proportion  of  canopy  obscuration  in  each 
negative  was  evaluated  by  a  compositing  densitometer  called  an  obscurlmeter 
(Figures  14  and  15),  (Appendix  E). 
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The  emrt  uud  was  a  Nikon  T,  single  lana  reflex  35  eat,  with  a 
"walatlevel"  finder.  Thie  caaara  waa  choaen  bacauaa  of  it*  precision 
conatruction  and  nigged  durability,  although  any  camera  of  similar  daaign 
could  have  been  uaed.  The  28-*  lana  waa  choaen  partly  bacauaa  of  ready 
availability  and  aa  a  compromise  in  tha  choice  of  the  angle  of  acceptance 
that  datarainea  the  area  in  tha  field  of  view  (60  degreea). 

The  tripod  haa  a  apeeially  made  top  plate  to  hold  tha  caaaera  vertical, 
with  necaaaary  leveling  lndicatora.  A  compass  waa  uaed  to  enable  proper 
orientation  of  tha  caaara  axla  conalatently  in  tha  saaa  direction  through¬ 
out  the  ear lea  of  photoa. 

Expoauraa  were  choaen  ao  that  tha  aky,  aa  a  background,  waa  rendered 
dense  black  in  the  negative;  tha  foraat  cover  waa  vary  drastically  under¬ 
exposed,  thus  producing  a  black  and  white  silhouette  of  tha  foliage  and 
upper  branch  fraamrork. 

Field  procedure  consisted  of  beginning  the  film  strip  with  a  photograph 
of  a  sign  containing  tha  film  roll  nuaber,  data,  and  plot  number.  An 
exposure  was  made  of  open  aky,  with  shutter  speed  and  aperture  set  aa 
determined  by  the  exposure  aster  (Heston  Master  111)  to  give  a  normally 
dense  sky  image.  Tha  same  shutter  and  diaphragm  settings  were  used  for 
duplicate  negatives  exposed  at  the  six  caaara  sites  in  each  plot.  An 
unexpoaed  negative  and  an  open-sky  exposure  were  included  for  obscurlaater 
calibration  of  each  roll.  Tha  period  in  which  photographs  could  be  taken 
was  limited  by  the  elevation  angle  of  tha  sun  from  0800  to  1100  and  1400 
to  1600  hours. 

Negative  developaant  was  carefully  atandardlsad  to  secure  uniform 
high  contrast. 

Films  wars  then  processed  with  the  obscurlaater  or  conpoeltlng' 
densitometer  to  obtain  transmittance  values  for  each  negative  which 
were  then  transposed  to  obscuration  values.  Instrument  adjustments 
were  made  on  each  roll  of  film  to  give  100%  transmittance  by  the  blank 
frame  and  0%  for  the  fully  exposed  sky  fraaa.  The  frames  containing 
the  canopy  silhouettes  ware  processed  in  succession  without  changing  the 
Instrument  adjustment. 

Obscuration  values  for  the  individual  camera  station  in  each  plot 
were  graphed  to  facilitate  compilation  of  percentage  and  duration  of 
response  data. 


D.  HORIZONTAL  VISIBILITY 

Horisontal  visibility  was  measured  in  each  treatment  plot  at  scheduled 
Intervals  by  the  technique  developed  by  the  U.S.  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  Mississippi,  in  a  research  project  for 
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A&PA.1*  The  technique  coneieted  of  observations  of  the  proportion  of  e 
human -a is ed  target  visible  at  apeclflad  distances  frosi  a  given  point. 
Comparisons  of  target  visibility  prior  to  end  following  treatment  gave 
a  quantitative  measure  of  changes  in  horlsontal  visibility  due  to  defolia¬ 
tion.  Untreated  control  plots  provided  data  on  seasonal  changes  in 
visibility. 

The  target  consisted  of  a  set  of  three  10 -inch  discs  mounted  at  0.5-, 
1.2-,  and  1.9-meter  heights  on  an  aluminum  pole  (Figure  16).  The  white 
discs  each  had  25  randomly  spaced  red  dots  1  cm  (0.4  inch)  in  diameter. 
Visibility  was  determined  in  each  treatment  plot  on  e  series  of  eight 
asimuth  lines  radiating  from  a  central  observation  station.  Camera 
Station  2  was  used  as  the  observation  station  because  of  its  central 
location  and  accessibility. 

Target  visibility  expressed  as  numbers  of  dots  visible  on  each  target 
at  a  given  range  was  determined  by  an  observer  with  the  aid  of  7  x  35 
binoculars  mounted  on  a  tripod.  The  crew  consisted  of  the  observer, 
recorder,  and  one  or  two  men  who  positioned  the  targets  at  specified 
distances. 

In  the  early  phase  of  the  test  program,  targets  were  positioned  at 
5,  10,  15,  20,  25,  and  30  maters  from  the  observer  on  each  of  eight 
equally  spaced  asimuth  lines,  as  suggested  by  Waterways  Experiment 
Station.  Visibility  was  determined  at  subsequent  intervals  at  the 
same  asimuth  positions  as  determined  by  tape  and  compass.  In  the  test 
sites  examined  in  Thailand  almost  100%  of  the  target  dots  could  be 
counted  at  five  meters.  Conversely,  at  distances  of  25  meters  or  more, 
the  target  was  seldom  visible  and  standard  errors  of  100  to  300Z  were 
obtained  at  ranges  in  excess  of  25  maters.  For  this  reason,  the  5-, 

25-,  end  30-metar  ranges  were  dropped,  and  efforts  concentrated  on  the 
10-,  15-,  and  20-meter  ranges. 

An  additional  modification  of  the  horlsontal-vlsiblllty  technique 
was  made  following  statistical  tests  of  method  error  in  comparisons  of 
marked  and  unmarked  target  locations  used  for  successive  readings  in  the 
seme  plot.  In  the  original  system  of  unmarked  target  sites  at  10,  15, 
end  20  meters  from  the  center  on  each  asimuth  and  axlmuths  located  by 
compass  and  tape  for  each  successive  reading  in  the  same  plot,  the  con¬ 
fidence  interval  of  the  difference  between  two  successive  readings  in 
the  seme  plot  was  25.5%  of  the  total  dot  count  at  the  0.95  probability 
level.  When  target  locations  were  permanently  marked  assuring  that 
axlmuths  and  target  locations  were  Identical  for  successive  readings 
on  the  same  plot,  a  confidence  Interval  of  10.4%  was  obtained,  indicating 
a  much  reduced  variability.  The  technique  was  modified  in  February  1965 
to  incorporate  marked  locations  of  all  targets  for  the  continuing  series 
of  observations.  The  method  using  fixed  target  sites  resulted  in  a 
significant  reduction  in  field  time  required  for  visibility  determinations. 


Figure  1C.  Target  used  In  Horlsoatal  Visibility 
Technique. 


Horizontal  visibility  determinations  were  Initiated  In  July  1964  and 
were  carried  out  by  a  crew  of  trained  Thai  workers  under  the  supervision 
of  ARPA  R&DFU-T  personnel  or  U.S.  Army  Biological  Center  personnel  stationed 
at  the  field  headquarters. 

Data  were  expressed  as  average  number  of  target  dots  visible  per 
aslmuth  for  each  dl stance  range.  The  ratio  of  combined  target  dots 
visible  for  the  three  ranges  at  any  period  of  observation  to  the  before¬ 
treatment  reading  gave  an  index  of  Improvement  In  horizontal  visibility. 
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E.  AERIAL  PHOTOCRAPHT 

Oblique  aerial  photographa  of  individual  treatment  plota  vara  Cakan 
from  an  altitude  of  approximately  1,000  ft  with  a  3  5 -mm  single-lens 
reflax  camera  on  Kodachrome  or  Ektachrome  film.  These  photographs  ware 
taken  by  project  personnel  froa  tha  Beechcraft  plana  during  late  morning 
or  early  afternoon  hours.  Photo  flights  were  asde  at  1-  or  2 -week  inter¬ 
vals  during  tha  period  froa  October  1964  to  March  1965. 

Atteapts  were  aada  to  secure  a  weekly  photographic  record  of  the 
early  response  stages  to  treatsants  for  tha  first  aont>  and  subsequent 
snnthly  photos  during  the  period  of  affective  defoliation. 

Tha  photographic  record  of  early  stages  of  vegetation  raaponae  waa 
evaluated  to  provide  information  on  spray  diatrlbutlon  in  relation  to 
plot  boundaries  and  uniformity  of  coverage.  Tha  percentage  of  canopy 
reduction  or  defoliation  was  estimated  froa  properly  exposed  photographs 
by  visual  estimates  and  comparison  with  adjacent  untreated  vegetation. 

The  photographs  were  used  principally  to  supplement  visual  aatiaatlon 
froa  ground  obsarvatlona. 

Aerial  photographic  coverage  with  panchromatic  film  was  taken  of  the 
entire  Royal  Thai  Army  Replacaasnt  Training  Canter  on  1  January  1964  by 
tha  U.S.  Air  Force  photo-Intel llgenca  group  at  Korat,  Thailand.  Contact 
prints  of  four  photo  flights  Including  tha  two  tost  sites  on  a  scale 
1:15,000  were  furnished  to  personnel  of  tha  OCONUS  defoliation  test 
program.  These  photographs  provided  a  pretraatment  record  of  the  test 
sites. 

Post-treatsant  aerial  photographic  coverage  in  panchromatic  and  black 
and  white  Infrared  film  waa  furnished  for  tha  two  sites  by  ARPA  R&DFU-T 
from  photo  flights  made  under  tha  supervision  of  the  U.S.  Army  Cold 
Regions  Research  and  Engineering  Laboratories.  Panchromatic  film  cover¬ 
age  on  a  scale  of  1:15,000  waa  furnished  from  flights  made  in  February 
1965.  Contact  Infrared  prints,  scale  1:5,000  were  provided  from  photo¬ 
graphs  aada  on  15  May  1965. 

Color  Infrared  aerial  photographs  jon  70 -mm  Kodak  Ektachroma  Aero  film 
were  taken  at  intervals  throughout  the  test  program.  This  film  reproduces 
live  and  dead  vegetation  in  sharply  contrasting  colors— bright  red  for 
living  plants  and  blue  for  dead  vegetation. 

Additional  post -treatment  aerial  photo  coverage  with  panchromatic 
film  has  been  scheduled  for  early  1966. 
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X.  EE SUITS 


A.  VISUAL  ESTIMATES  Of  DEFOUATIOW 

Systematic  ratings  by  visual  astlmatas  of  dafollation  vara  Initiated 
In  July  1964  and  continuad  at  achadulad  Intervals  until  September  1965 
on  all  traataents  shoving  a  Measurable  rasponsa.  Tabla  3  aiaasarlzaa 
all  treatments  with  Purple,  Pink,  Oranga,  and  Dlnaxol,  a  commercial 
fonailatlon  of  2,4-D  and  2,4, 5-T  aatara.  Dafollation  ratings  of  salactao 
treatments  with  othar  harblcldas,  dafollants,  and  daslccanta  ara  shown 
In  Tablas  4  and  5.  A  rating  of  60  to  65X  vas  conaldarad  minimal  for 
affactlva  dafollation. 

1.  Purpla,  Pink,  and  Oranga 

Dafollation  ratings  for  Purpla,  Pink,  and  Oranga  traataanta  shown 
In  Tabla  3  ara  arrangad  In  sequence  of  aaason  of  application. 

a.  Lata  Dry  and  Early  Xalny  Saason  (April  -  May  1964) 

Initial  tasts  with  Purpla  and  Pink  In  April  and  May  1964  vara 
conductad  on  Taat  Slta  I  'u.y.  Evaluation  ratings  vara  started  thraa  to 
four  vonths  aftar  application 

Purpla  appllad  as  a  pura  chaaleal  at  2.4  and  3.0  gal/acra  gava 
affactlva  dafollation  for  a  parlod  of  6  Months  aftar  traataant.  By  8  to 
9  Months  following  traatvant,  ragrovth  and  raplacaasnt  vagatatlon  consist¬ 
ing  of  rapidly  growing  woody  vlnas  and  chrube  had  bacowa  established  and 
astlvatas  of  ovar-all  defoliation  vara  below  the  affactlva  level  of  defolia¬ 
tion.  Applications  of  Purpla  at  lover  rates  (1.2  gal/acra  of  1001  chendca 1 
or  1.8  gal/acra  In  a  1:2  mixture  with  dlasal  fuel)  produced  affactlva  defoli¬ 
ation  for  4  or  5  Months  only.  A  traatvant  with  0.9  gal/acra  In  a  1:2 
Mixture  vlth  dlasal  fuel  gave  a  alnlnal  affactlva  rating  on  one  replicate 
plot  only. 

Pink  appllad  as  a  pura  chenlcal  at  1.6  gal/acra  was  highly 
affactlva  for  a  5 -Month  parlod.  Minimal  effective  defoliation  vas 
secured  at  rates  approximating  1  gal/acra  (7.2  and  8.6  lb/acra  acid 
equivalent  In  1:2  and  1:5  Mixtures  of  Pink  and  dlasal  fuel).  Applica¬ 
tion  at  6.0  gal/acra  vs.  2.5  gal/acra  did  not  significantly  affect  the 
dagrea  of  defoliation  secured. 

b.  Laf »  talny  Saason  (August  •  September  1964) 

Traataant s  vlth  Purpla  and  Pink  vara  replicated  on  Test  Sites 
I  and  II  in  lata  August  and  Sept enter. 
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TABU  3.  VISUAL  ESTIMATES  CP  VEGETATION  DEFOLIATION  FKOM  APPLICATIONS 
OP  PURPLE,  PINK,  AMD  ORANGE  ON  TEST  SITES  I  AMD  It 
PROM  APRIL  1964  TO  JUNE  1965 
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TABLE  4.  VISUAL  ESTIMATES  OF  DEFOLIATION  BY  SELECTED  DEFOLIANTS 
AND  DESICCANT  TREATMENTS  FOR  A  SIX-  TO  NINE -MONTH  PERIOD 

AFTER  TREATMENT 
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Only  one  of  four  treatments  with  Purple  gave  effective  defolia¬ 
tion.  Treatment  30  of  1007.  Purple  applied  on  Test  Site  II  at  2.5  gal/acre 
was  effective  for  a  5-month  period.  During  the  application  of  this  treat¬ 
ment,  leakage  developed  in  one  boom  prior  to  spraying  the  second  replicate 
on  Test  Site  I,  resulting  in  a  higher  spray  deposit  rate  estimated  to  be 
3.5  gal/acre.  Uneven  distribution  of  spray  deposit  was  evident  from  later 
aerial  observations.  Ratings  on  this  replicate  were  below  minimal  effec¬ 
tiveness  in  spite  of  the  higher  application  rate.  Applications  of  0.8  to 
1.1  gal/acre  of  1007.  Purple  and  1:1  mixtures  with  diesel  fuel  were  not 
effective. 


Pink  applied  as  pure  chemical  at  1.0  and  2.5  gal/acre  gave 
effective  defoliation  from  2  to  9  months  on  Test  Site  II.  Replicates 
at  these  rates  on  Test  Site  I  gave  effective  defoliation  ratings  for  a 
shorter  Interval.  A  1:1  mixture  of  Pink  and  diesel  fuel  applied  on  Test 
Site  I  at  approximately  1  gal/acre  gave  minimal  effective  defoliation  for 
one  or  two  observations  within  the  evaluation  period. 

Supplemental  tests  were  conducted  with  Dinoxol,  a  butoxy 
ethanol  ester  formulation  containing  2  lb  of  2,4-D  and  2  lb  of  2,4, 5-T 
acid  equivalent  per  gallon.  Applications  were  made  at  1  and  2.5  gal/acre 
of  the  4  lb/gal  formulation  and  at  1.5  gal/acre  of  a  1:1  mixture  with 
diesel  fuel.  The  higher  rate  of  Dinoxol  (10  lb/acre)  produced  effective 
defoliation  on  Teat  Site  II  from  2  to  6  months  after  treatment.  A  minimum 
level  of  effective  defoliation  was  attained  for  brief  periods  following 
treatment  at  either  4.0  or  6.0  lb /acre. 

c.  Dry  Season  (December  1964  -  February  1965) 

Purple  applied  in  December  and  early  January  at  approximately 
2  and  3  gal/acre  gave  effective  defoliation  on  the  secondary  vegetation 
of  Teat  Site  II  but  replicate  tests  were  ineffective  on  Test  Site  I.  A 
1:1  mixture  of  Purple  and  diesel  fuel  at  1.1  gal/acre  (9.8  lb/acre  add 
equivalent)  caused  effective  defoliation  on  one  replicate  containing  large 
amounts  of  bamboo  in  Test  Site  II.  Ratings  on  this  and  other  plots  domi¬ 
nated  by  bamboo  are  beaed  on  vegetation  exclusive  of  bamboo.  Bamboo  did 
not  defoliate  readily  from  applications  of  Purple  at  1  and  2  gal/acre. 

Over-all  ratings  including  bamboo  did  not  reach  minimal  effective  defoliation. 

Pink  was  evaluated  at  four  rates,  principally  on  Test  Site  II. 
Effective  defoliation  was  obtained  on  this  site  with  pure  chemical  at  2.0 
gal/acre  and  2.6  gal/acre  of  a  1:1  mixture  with  diesel  fuel  (equivalent  to 
11.2  lb/acre  acid  equivalent).  Data  for  a  replicate  test  at  2.0  gal/acre 
on  Test  Site  I  are  not  available  because  of  incorrect  application.  Treat¬ 
ment  58  of  Pink  at  0.6  gal/acre  was  ineffective  on  Site  I  and  showed 
minimal  effective  defoliation  on  Test  Site  II. 


61 


Initial  tests  with  Orange  were  made  in  February  1965.  Applica¬ 
tion  of  2.5  gal/acre  of  pure  chemical  gave  effeotive  defoliation  on  Test 
Site  I  for  a  4-month  period.  The  replicate  plot  on  Site  II  was  destroyed 
by  fire  about  2  months  after  treatment  presumably  associated  with  effective¬ 
ness  of  the  chemical.  Orange  applied  as  a  pure  chemical  at  the  rate  of  1.5 
gal/acre  was  judged  ineffective  by  visual  estimates  on  both  test  sites. 
Mixtures  of  Orange  and  diesel  fuel  applied  at  rates  of  5.5  and  10.0  lb/acre 
on  Test  Site  II  were  not  effective  during  the  dry  season  according  to  visual 
estimate  data. 

d.  Rainy  Season  (May  -  June  1965) 

Preliminary  evaluations  are  shown  in  Table  3  for  the  first  3  or 
4  months  following  applications  of  Purple,  Pink,  and  Orange  in  the  early 
rainy  season  of  1965.  Replicate  plots  of  each  treatment  were  located  on 
Test  Sites  I  and  II. 

Purple  gave  effective  defoliation  on  both  test  sites  from 
applications  at  2.6  gal/acre  and  on  Test  Site  II  at  rates  of  1.1  and  1.7 
gal/acre.  When  Purple  was  applied  in  1:1  dilutions  in  diesel  fuel  at 
13  to  1.8  gal/acre,  effective  defoliation  occurred  during  the  first  2 
months  at  Teat  Site  II  only. 

* 

Pink  was  highly  effective  for  4  months  when  applied  as  a  pure 
chemical  at  2.2  gal/acre  on  Test  Site  II  but  only  minimal  ratings  were 
obtained  on  Test  Site  I  at  the  third  sxrath  after  treat>nent.  Somewhat 
variable  results  were  obtained  with  lower  rates  of  Pink;  effective 
defoliation  occurred  only  on  Test  Site  II  from  treatment  94  with  0.7 
gal/acre  in  a  1:1  mixture. 

Orange  applied  as  a  pure  chemical  at  1.3  and  1.8  gal/acre  gave 
effective  defoliation  for  3  months  on  Test  Site  II  but  was  ineffective  on 
Test  Site  I.  Dilutions  with  diesel  fual  containing  1  gal/acre  or  less  of 
chemical  were  effective  only  at  2  months  on  Test  Site  II.  A  combination 
treatment  containing  Orange  in  a  1:1  mixture  at  9.1  lb/acre  and  0.5  lb/acre 
of  Tor don  produced  effective  defoliation  ratings  for  3  months  on  Test  Site  I 
but  was  ineffective  on  Test  Site  II. 

e.  General  Summary 

Purple  caused  effective  defoliation  for  a  period  of  2  to  6 
or  more  months  from  applications  of  2  gal/acre  or  more  (15  Ib/acre  add 
equivalent  as  shown  in  Figure  17)  in  which  average  and  maximum  rates  of 
defoliation  are  plotted  against  application  rates.  Both  percentage  of 
defoliation  at  maximum  and  duration  of  effective  defoliation  Increased 
with  the  rate  of  Purple  applied.  The  period  of  effective  defoliation 
did  not  exceed  6  to  8  or  9  months. 
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Max. 

defoliation 


Pounds  par  Aero 


Flgur*  17.  Trends  In  Maximum  end  Averege  Defoliation  for  Six  Months 
Following  Treatment  by  Purple  In  Relation  to  Dosage  Rate. 
Data  baaed  on  visual  estimates. 


Pink  caused  effective  defoliation  at  lewer  rates  than  Purple, 
based  on  data  for  average  defoliation  for  the  period  1  to  6  months  after 
application.  Pink  applied  at  1.5  to  2.5  gai/acre  gave  effective  defolia¬ 
tion  for  periods  of  6  to  9  months. 

Evaluation  of  Orange  was  conducted  over  a  shorter  test  period 
than  Purple  or  Pink.  Available  data  Indicate  that  Orange  la  closely 
comparable  In  effectiveness  to  Purple. 

2.  Selected  Defoliants,  Desiccants,  and  Herbicides 

Treatments  with  several  commercially  available  defoliants,  desic¬ 
cants,  and  herbicides  were  applied  in  three  2-month  periods  alternating 
with  tests  Involving  Purple,  Pink,  and  Orange.  Evaluation  data  on  selected 
defoliants  and  desiccants  are  shown  in  Table  4;  data  on  other  herbicides 
and  herbicide  mixtures  are  shown  In  Table  5. 
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a.  Defoliants  and  Desiccants 

(1)  Cacodylic  Acid  and  Sodium  Cacodylate 

Cacodylic  acid  was  initially  treated  at  5.0  and  7.0  lb /acre 
in  Test  Site  I.  Systematic  evaluations  are  not  available  for  the  first  few 
weeks  but  moderate  to  extreme  defoliation  was  noted  about  one  month  after 
treatment.  Treatments  made  in  October  1964  and  March  1965  at  rates  of  3.4 
to  6.0  lb/acre  caused  effective  defoliation  2  to  4  weeks  after  application. 
The  sodium  cacodylate  treatment  at  1.8  lb/acre  was  relatively  ineffective 
on  both  test  sites. 

Regrowth  of  woody  vegetation  occurred  2  months  following 
application  of  cacodylic  acid  but  visible  effects  of  treatment  continued 
for  4  to  6  months. 

(2)  Diquat 

Initial  tests  with  diquat  at  2.7  and  4.0  lb/acre  gave 
moderate  to  extreme  defoliation  in  the  first  month  after  application, 
but  effectiveness  diminished  rapidly  in  3  to  4  months  because  of  regrowth. 
Applications  at  2.8  and  5.0  lb/acre  near  the  end  of  the  rainy  season 
(October)  gave  effective  defoliation  for  a  period  of  2  to  4  weeks  on 
secondary  vegetation  on  Teat  Site  II.  Rates  of  3  to  5  lb/acre  are 
apparently  required  for  effective  treatment. 

Treatments  during  the  dry  season  (March)  were  ineffective 
at  races  of  2  to  4  lb/acre.  An  additional  treatment  of  diquat  with  emit role 
added  as  an  active  translocating  herbicide  failed  to  give  effective 
defoliation. 


A,  2,b(2). 


A  mixture  of  diquat  and  Tordon  is  discussed  in  Section  X, 


(3)  Endothall 

Endothall  was  tested  in  a  salt  formulation  in  water  solu¬ 
tion  and  in  acid  formulation  in  a  dimethyl  formamide^rater  emulsion  at 
rates  up  to  5.5  lb/acre.  The  salt  formulation  gava  slight  defoliation 
for  1  to  3  months.  Endothall  acid  produced  slight  to  moderate  defoliation 
from  the  November  and  March  applications,  but  results  were  generally 
unsatisfactory. 

(4)  Msrphos  -  Folcx 

Tributyl  phoaphorotrithioite,  which  is  formulated  both  as 
Merphos,  an  oil-soluble  concentrate,  and  Folex,  an  emulsifiabls  concentrate, 
was  applied  in  oil  and  water  solutions  at  rates  of  6.0  to  28.0  Ib/acra  in 
early-  and  late-rainy-seaaon  applications.  Evaluation  data  are  not  tabu¬ 
lated  as  the  treatments  were  ineffective.  Maximum  defoliation  readings  of 
10  to  15%  were  obtained  at  the  rata  of  28  lb /acre.  ' 


64 


(5)  Butyne  Did 

Butyne  diol  was  applied  in  three  treatments  at  rates  of 
4.5,  6.0,  and  11.0  lt/acre  in  May  and  November.  The  chemical  was  ineffec¬ 
tive  and  resulted  in  only  slight  defoliation  ratings  in  3  to  4  weeks. 
Regrowth  took  place  rapidly  following  initial  desiccant  action. 

(6)  Tributyl  Phosphate 

Tributyl  phosphate,  an  active  desiccant  and  defoliant, 
was  tested  at  10,  12,  and  24.0  lb/acre  during  the  early-  and  late-rainy 
season,  The  chemical  was  rated  ineffective  under  the  test  conditions, 
as  only  slight  defoliation  occurred  2  to  4  weeks  after  treatment.  Effects 
were  noted  principally  in  the  dominant  canopy. 

b.  Herbicides 

Selective  herbicides  that  were  evaluated  included  dicamba 
(amine  and  acid  formulations),  amitrole,  and  Tordon  applied  single  and 
In  combination  vith  diquat  or  2,4-D.  Only  limited  amounts  of  Tordon 
were  available  and  tests  Were  limited  to  single  rates  on  replicate  5- 
acre  plots. 


(1)  Dicamba 

Dicamba  amine  was  applied  in  water  solutions  at  rates  of 
6.0  to  15.0  lb/acre  dicamba  acid  equivalent.  These  rainy-season  applica¬ 
tions  gave  a  moderate  degree  of  defoliation.  At  the  15.0-lb/acre  rate, 
defoliation  approached  the  effective  percentage  during  the  fourth  month 
but,  in  general,  treatments  were  less  effective  than  corresponding  rates 
of  Purple,  Pink,  or  Orange. 

Dicamba  acid  at  10.8  lb/acre  in  a  1:3  butanol-water 
emulsion  gave  effective  defoliation  ratings  for  2  to  5  months  on  Test 
Sites  I  and  II  from  applications  during  the  dry  season  (March  1965). 

A  lower  rate  (3.9  lb/acre)  of  dicamba  acid  was  not  effective. 

(2)  Tordon 

Tordon  was  applied  singly  as  a  potassium  salt  and  in  mixtures 
with  2,4-D,  diquat,  or  Orange. 

Effective  defoliation  Was  obtained  over  a  2-  to  6-month 
period  with  the  diquat -Tordon  mixture  (2.5  and  1.2  lb /acre,  respectively) 
applied  during  the  rainy  season  on  Test  Site  II.  Ratings  declined  below 
the  effective  level  at  the  8-  to  9 -month  reading. 
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Tordon  tn  combination  with  2,4-D  amine  at  2.3  and  5.3 
Ib/acre,  respectively,  gave  effective  defoliation  4  to  6  months  after 
treatment  during  the  late  rainy  season. 

Tordon  was  applied  alone  at  a  single  rate  (2.8  lb/acre) 
during  the  dry  season.  Somewhat  variable  but  generally  Ineffective 
results  were  obtained  through  the  5-month  evaluation  period.  Increased 
effectiveness  was  noted  at  the  last  rating. 

An  additional  combination  treatment  of  Tordon  and  Orange 
is  discussed  under  Section  X,A,l,d. 

(3)  Amitrole 

Amitrole  applied  at  a  rate  of  6.3  lb/acro  in  water  solu¬ 
tion  with  surfactant  barely  gave  an  indication  of  treatment  in  the  months 
following  application.  Slight  chlorosis  or  yellowing  of  foliage  in  the 
dominant  canopy  and  in  some  of  the  more  susceptible  shrub  species  was 
the  main  evidence  of  treatment. 


B.  MEASUREMENT  OF  UPPER  CANOPY  DEFOLIATION  BY  VERTICAL  PHOTOGRAPHY 

Photographic  records  of  defoliation  as  measured  by  canopy  obscuration 
were  obtained  for  the  entire  series  of  test  applications  including  14 
untreated  control  plots  on  each  teat  site.  Data  in  Tables  6  to  8  show 
the  maximum  decrease  in  percentage  obscuration  due  to  treatment  according 
to  the  equation: 

X  obsc.  prior  to  treatment  -  X  obsc.  at  max,  effect 
X  obsc.  prior  to  treatment 

Additional  data  Include  a  summary  of  the  number  of  months  to  maximum 
effect,  duration  of  the  maximum  effect,  and  the  number  of  months  to  50X 
recovery  of  the  original  pretreatment  condition. 

Seasonal  trends  in  obscuration  based  on  data  from  untreated  control 
plots  for  the  two  test  sites  are  shown  In  Figure  18.  Obscuration  values 
decreased  markedly  during  the  dry  season  from  January  to  April  as  affected 
by  the  deciduous  character  of  the  vegetation.  Test  Site  II  showed  a 
greater  seasonal  change  than  Sits  I  because  of  the  prevalence  of  deciduous 
shrubs  and  lack  of  overstory  dominants, 

1.  Purple,  Orange,  Pink,  and  Dlnoacol 

Mean  treatment  data  for  the  two  test  sites  are  shown  in  Table  6 
for  applications  of  Purple,  Orange,  ^ink,  and  Dinoxol  arranged  by  dosage 
rate  groups,  without  regard  to  season  of  application. 


TABLE  6.  EFFECTS  OF  PURPLE,  ORANGE,  AND  RELATED  HERBICIDES 
ON  UPPER  CANOPY  FOLIAGE  AS  MEASURED^-'  BY  CHANGE 
IN  VERTICAL  OBSCURATION 


Chemical 

Race, 
lb /acre 

Treatment  a.e.— ' 

Maximum  7. 
Decreased 
Obscuration 

to  Max. 
Effect 

Months 

Duration 

Max.  Effect 

to  50* 
Peciverj 

0.5  to 

1.0  zal/acre  f4  to 

8.5  lb/acrel 

Purple 

89 

5.6 

47.0 

1.7 

1.5 

4.0 

60 

6.0 

78.0 

3.0 

1.5 

6.0 

28 

6.5 

42.0 

2.0 

2.0 

12.0 

88 

7.8 

45.0 

2.0 

1.0 

4.0 

3 

7.4 

52.5 

hi 

LI 

4.5 

Mean  6.7 

52.9 

2.2 

1.5 

6.1 

Orange 

69 

6.0 

38.5 

2.0 

1.0 

3.0 

64 

5.6 

70.0 

2.0 

2.0 

3.0 

97 

6.6 

61.5 

2.2 

2.0 

-c/ 

63 

8.6 

24.0 

2.0 

1.0 

5.0 

Kean  6.7 

48.5 

2.1 

1.5 

4.0 

Pink 

58 

5.2 

65.0 

3.0 

3.0 

9.0 

29 

4.5 

36.8 

2.0 

2.0 

5.0 

59 

6.0 

77.0 

4.0 

3.0 

8.0 

94 

6.2 

77.5 

2.0 

1.5 

- 

27 

8.0 

56.5 

hi 

2.0 

6.0 

Mean  6.0 

62.6 

2.9 

2.3 

7.0 

Dlnoxol 

35 

4.0 

48.5 

2.7 

2.0 

/.0 

37 

6.0 

6jy> 

4.0 

hi 

>10.0 

Ha  an  5.0 

58.8 

3.4 

2.7 

8.5 

1.0  to  1.5  gal/acra  (8.5  to  12.5  lb/acre) 

Purple 

l 

10.3 

61.0 

3.0 

6.0 

6.0 

86 

10.0 

47.5 

1.5 

1.7 

3.5 

57 

10.3 

50.0 

3.5 

2.0 

6.5 

55 

-hi 

Shi 

hi 

hi 

hi 

Mean  10. 1 

60.0 

2.7 

2.8 

5.6 

Orange 

95 

11.4 

68.0 

2.5 

m 

98 

8.8 

64.0 

2.5 

• 

m 

Chemical 

Rate, 
lb /acre 

Treatment  a.e.— ' 

Maximum  7. 
Decreased 
Obscuration 

to  Max. 
Effect 

Mouths 

Duration 
Max.  Effect 

to  507. 
Recovery 

Pink 

92 

3.8 

42.5 

2.5 

2.0 

56 

11.2 

81.5 

3.2 

2.5 

6.5 

Mean  10.0 

62.0 

2.9 

2.25 

6.5 

Dlnoxol 

36 

10.0 

65  5 

3.75 

3.5 

12.0 

1.5  to  2.0  gal/acre  (12.5  to  17.5  lb/acrel 

Purple 

87 

14.6 

52.5 

1.5 

1.0 

4.0 

7 

15.4 

IL0 

1.0 

3.0 

5.0 

Mean  15.0 

63.75 

1.2 

2.0 

4.5 

Orange 

96 

15.2 

72.0 

1.7 

- 

- 

Pink 

93 

14.8 

62.0 

2.0 

1.5 

>3.0 

4 

13.6 

61.5 

3.0 

2.5 

5.0 

54 

17.2 

69.0 

4.0 

1.5 

5.0 

91 

17.6 

65.5 

2.5 

2.0 

>hl 

Mean  15 . 8 

64.5 

2.9 

1.9 

>4.0 

2.0  to  2.5  aal/acre  (17.5  to  22.5  Ib/acrel 

Purple 

33 

18.0 

85.0 

6.0 

3.0 

9.5 

90 

22.4 

63.0 

3.0 

1.5 

>4,0 

Mean  20.2 

79.0 

4.5 

2.25 

>6.75 

Orange 

61 

21.5 

95.0 

4.0 

4.0 

>8.0 

Pink 

31 

20.0 

84.0 

1.5 

4.5 

12.0 

3.0  gal/acre  (25  to  27  lb/acrel 


Purple 

30 

25.0 

71.5 

3.0 

6.0 

>12.0 

9 

25.8 

83.0 

4.0 

2.0 

7.0 

52 

27.0 

70.0 

4,5 

3.0 

10.5 

Mean  25.9 

74.8 

3.8 

3.7 

9.8 

a.  Data  represent  means  of  Individual  treatments  and  rats  groups 

b.  Acid  equivalent. 

c.  No  data.  Readings  Incomplete  at  time  of  publication. 
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TABLE  7.  EFFECTS  OF  SELECTED  DESICCANTS  AND  HERBICIDES 
ON  UPPER  CANOPY  FOLIAGE  AS  MEASURED  BY  CHANGE 
IN  VERTICAL  OBSCURATION 


Chemical 

Treatment 

Rate, 
lb /acre 
a.l.— 

Maximum  7. 
Decreased 
Obscuration 

to  Max. 
Effect 

Months 
Duration 
Max.  Effect 

to  50% 
Recovery 

Dlcamba 

78 

3.9 

32.0 

4.0 

-b/ 

45 

6.8 

28.0 

4.0 

- 

• 

23 

7.0 

59.0 

5.0 

- 

- 

77 

10.8 

40.5 

2.5 

3.5 

5.0 

22 

15.0 

50.0 

5.5 

4.0 

>9.5 

Cacodyllc 

70 

1.8 

38.5 

1.5 

0.75 

2.0 

Acid 

14 

3.2 

12.5 

2.0 

0.5 

1.5 

71 

3.4 

44.5 

1.75 

1.0 

3.0 

13 

4.5 

45.5 

0.75-1.0 

0.5 

2.0 

42 

6.0 

56.5 

0.75-1.0 

1.0 

>5.0 

Dlquat 

72 

2.2 

4b.  0 

1.0 

1.0 

2.25 

11 

2.7 

60.0 

0.5 

0.5 

1.25 

44 

2.8 

38.2 

1.75 

1.25 

• 

73 

3.8 

47.5 

1.5 

0.5 

2.0 

43 

5.0 

54.0 

2.0 

1.5 

- 

Amltrole 

41 

6.3 

0.0c/ 

- 

0.0 

m 

Butyne  Dlol 

12 

4.5 

58.7 

0.5 

0.25 

1.25 

46 

11.0 

33.0 

1.25 

0.25 

1.0 

Trlbutyl 

16 

9.9 

8.0 

0.5 

0.25 

0.5 

Phoaphate 

39 

24.0 

7.7 

0.25 

0.5 

1.0 

Endothall 

19 

1.0 

0.0 

« 

0.0 

<m 

18 

3.3 

6.4 

0.25 

0.5 

0.75 

21 

3.5 

0.0 

- 

0.0 

20 

5.0 

6.7 

- 

0.0 

48 

5.3 

50.0 

1.25 

0.75 

m 

49 

5.5 

52.5 

1.5 

0.75 

m 

Merphos 

25 

6.0 

9.6 

0.5 

0.25 

m 

24 

12.0 

0.0 

- 

0.0 

38 

22.0 

49.8 

0.75 

0.25 

40 

28.0 

68.0 

0.25 

0.25 

1.0 

Folax 

47 

13.0 

5.0 

- 

0.0 

- 

a.  Active  Ingredient. 

b.  No  date.  Evaluation  terminated, 
e.  No  effect. 
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TABLE  8.  EFFECT  OF  TORDON  AMD  MIXES  CONTAINING  TORDON  OR  UPPER 
CANOPY  FOLIAGE  AS  MEASURED  BY  CHANGE  IN  VERTICAL  OBSCURATION 


Chemical 

Treat¬ 

ment 

Rate, 
lb /acre 

A  •  6  • 

Maximum  % 
Decreased 
Obscuration 

to  Max. 
Effect 

Months 
Duration 
Max.  Effect 

to  50% 
Recovery 

Tor don 

75 

2.8 

54.5 

2.0 

3.0 

s.oi/ 

Tordon  + 
2,4-D 

51 

2. 3+5. 3 

78.0 

5.5 

>2.0 

>9.0 

Tordon  + 
Orange 

99 

0. 5+9.1 

74.2 

1.25 

>1.0 

-b/ 

Tordon  + 
Dlquat 

50 

1.2+2. 5 

79.0 

4.0 

3.5 

>6.0 

a.  Greater  than  laat  observation. 

b.  No  data.  Did  not  recover  to  SOI. 


Defoliation  response  from  Purple  treatnants  expressed  as  maximum 
decrease  In  obscuration  Increased  with  dosage  rate  from  a  value  of  53X 
for  applications  of  6.7  lb/acre  to  75%  for  treatments  at  25.9  lb/acra 
(3  gal/acre  of  total  eaters). 

Maximum  decrease  In  obscuration  from  Purple  occurred  generally 
2  to  4  months  after  treatment  and  maximum  effect  persisted  from  1.5  to 
3.7  months  as  Indicated  by  group  mean  data  (Table  6).  Treatment  effects 
as  measured  by  the  period  to  50%  recovery  lasted  from  4.5  to  10  months  at 
the  highest  rate  of  application. 

Figure  19  shows  tho  trend  In  max  tanas  percentage  of  decrease  In 
obscuration  as  related  to  the  rate  of  application  of  Purple.  Duration 
of  defoliation  as  the  period  of  amxlmum  effect,  and  number  of  months 
required  for  50%  recovery  of  the  maximum  effect  Increases  at  higher 
dosage  rates  (Figure  20). 

Orange  showed  defoliation  raaponsea  similar  to  those  of  Purple. 
Values  for  amxlmum  decrease  In  obscuration  were  slightly  higher  at  dosage 
ratea  of  15  and  20  lb/acre. 

Pink  treatments  gave  closely  similar  data  to  those  of  Purple  in 
degree  and  duration  of  defoliation  at  comparable  rates.  Dlnootol  applied 
at  adnlmal  dosage  rates  was  slightly  more  effective  than  Purple  or  Orange; 
at  6.0  lb/acra  Dlnoxol  gave  69%  defoliation  response  compared  with  responses 
of  50  to  60%  from  Purple  or  Orange. 
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2.  Selected  Defoliant a,  Da ale cant a,  and  Other  Herbie idea 

Data  for  moat  of  the  other  chealcala  teated  are  ah own  in  Tablea 

7  and  8. 


Dicaaba  gave  defoliation  reaponaea  of  28  to  591  for  treataenta 
ranging  froa  3.9  to  15.0  lb/acre.  Maximum  valuea  for  decreaae  in  obacura- 
tion  for  dicaaba  were  conalderably  lower  than  thoae  of  Purple,  Orange,  or 
Pink;  aleo  for  caeodyllc  acid  and  dlquat  (Figure  21). 

Cacodylic  acid  and  dlquat  aa  dealccanta  gave  a  rapid  defoliation 
reaponee  (2  to  6  weeka  for  maximum  effect).  Dlquat  gave  alightly  greater 
defoliation  reaponae  than  cacodylic  acid  at  equivalent  doaage  ratea 
(Figure  21).  Both  chealcala  gave  approximately  50X  reduction  in  obacura- 
tion  at  a  rate  of  5  lb/acre. 

Of  the  other  chealcala  teated  only  Merphoe,  butyne  dlol,  and 
Bndothall  ehowed  appreciable  defoliation  reaponae.  Marphoa  and  Bndothall 
cauaed  minimal  defoliation  at  their  hlgheat  doaage  ratee.  Variable  raaulta 
were  obtained  with  butyne  diol. 

Obacuration  data  (Table  8)  for  Tordon  and  alxturee  of  Tordon  with 
2,4-D,  Orange,  and  dlquat  ahow  maxiaua  reaponaea  aimllar  to  thoae  obtained 
at  the  higher  ratea  of  Purple  end  Orange.  Two  of  the  four  treataenta 
required  4  to  5.5  aontha  to  attain  maximum  reaponae.  Approximately  80% 
decreaae  in  obacuration  wae  obtained  with  treataenta  of  Tordon  +  2,4-D 
end  Tordon  +  dlquat  during  the  late  rainy  aeaaon. 


C.  HORIZONTAL  VISIBILITY 

The  effecta  of  defoliation  treataenta  on  horizontal  vlalblllty  were 
aeaaured  on  the  baela  of  percentage  of  a  target  vlalbla  at  dlatancea  of 
10,  15,  and  20  met  era.  Compart  aona  between  initial  and  maximum  percentage 
of  target  vlalblllty  provide  an  index  of  defoliation  effactlveneee  of 
varloua  treatment a  at  or  near  the  ground  level. 

Interception  of  epray  by  upper  canopy  vegetation  Influenced  the 
defoliation  reaponae  in  the  ahrub  and  ground  cover  in  which  horizontal 
vlalblllty  meaaurementa  were  taken.  The  ratio  of  maximum  to  initial 
horizontal  vlalblllty  waa  eonalatently  greater  on  Teat  Site  II  than  on 
Teat  Site  I.  On  Site  II  only  a  remnant  of  the  dominant  canopy  remained 
and  epraya  were  able  to  penetrate  the  alngle  layer  of  large  ahrub a  or 
email  treae  forming  the  aaln  vegetation  cover. 

Initial  and  maximum  horizontal  vlalblllty  data  are  ahown  in  Table  9 
for  application  of  Purple,  Orange,  Pink,  and  Dinoxol  made  from  Auguet 
1964  to  June  1965.  Similar  data  on  aelected  dealccanta  and  herblcldea 
ere  ahown  in  Teble  10.  Mean  veluaa  era  given  for  target  vleibllity 


TABLE  9.  INITIAL  AND  MAXIMUM  HORIZONTAL  VISIBILITY  RESULTING 
FROM  APPLICATIONS  OF  PURPLE,  ORANGE,  PINK,  AND  DINQXOL 


Ch ami cal 

and 

Traataant 

kata, 

lb/aera 

Maan  Par  Cant*/ 
Tartat  Visibility 
Initial  Maximum 

katio 

Maxiaua/ItUial 

Vlalblllty 

Montha  to 
Maximum  Vlalblllty 

Purpla 

89 

5.6 

27 

68 

1. 7-2.4 

2-3 

60 

6.0 

14 

63 

2. 3-3.4 

4-5 

28 

6.5 

30 

37 

1.2-1. 3 

2-4 

32 

7.0 

26 

35 

1.2-1. 2 

i-3 

88 

7.8 

36 

42 

1.2-1. 2 

2 

26 

9.5 

29 

52 

1.7 

2 

33 

9.8 

21 

41 

2.3-2. 3 

3-6 

86 

10.0 

25 

40 

1.3-1. 9 

3 

57 

10.3 

20 

41 

1.3-4. 9 

2-3 

87 

14.6 

21 

37 

1.8-2. 3 

3-4 

53 

18.0 

23 

61 

2. 3-2. 8 

3-5 

30 

20.0 

27 

47 

1.9 

2 

90 

22.0 

29 

45 

1.3-2. 2 

1-2 

32 

27.0 

22 

48 

1.7-2. 9 

2-4 

30 

30.0 

40 

65 

1.6 

3 

Oranga 

64 

5.5 

18 

36 

1.8-2. 1 

3-4 

97 

6.6 

23 

41 

1.5-1. 7 

3 

83 

8.2 

23 

46 

1.8 

2 

63 

8.6 

27 

40 

1.5 

1 

98 

8.8 

13 

36 

2. 6-2.7 

1-2 

62 

10.0 

11 

30 

3. 0-4.0 

1-3 

95 

11.4 

19 

49 

2. 3-3.0 

1-2 

63 

12.8 

27 

49 

1.8 

3 

96 

15.2 

34 

48 

1.2-1. 7 

1*2 

61 

21.0 

19 

43 

2.0-2. 3 

Pink 

81 

4.0 

IS 

33 

1.9-2. 1 

2 

29 

4.3 

37 

32 

l. 3-1.3 

2-3 

38 

3.2 

20 

45 

2. 1-2.1 

2 

59 

6.0 

13 

33 

2. 9-4.4 

2-4 

94 

6.2 

28 

53 

1. 9-2.0 

1 

27 

8.0 

23 

31 

1.7 

3 

92 

8.8 

20 

38 

1. 6-3.0 

1-2 

34 

9.0 

19 

42 

1.7-3. 2 

1-4 

36 

11.2 

21 

48 

1.6-2. 5 

2-3 

93 

14.8 

35 

63 

1.8-1. 9 

1 

34 

17.2 

U 

43 

3.3 

3 

91 

17.6 

30 

48 

1.6-1. 6 

1-3 

31 

20.3 

21 

38 

1.9-3. 7 

2-3 

Dlnomol 

33 

4.0 

27 

43 

1.2-2. 3 

3 

37 

6.0 

21 

32 

1.4-l.S 

1-3 

36 

10.0 

27 

34 

I. 6-2.8 

1-2 

a.  Data  baaad  oa  pareantaga  of  targat  vlitkti  at  dlataaeaa  of  10,  19,  and 
20  aatara. 
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before  treatment  and  at  tha  parlod  of  maximum  viaibility.  Replicate  plot 
data  are  included  on  tha  ratio  of  maximum  to  initial  viaibility  and  on  tha 
monthly  intervale  at  which  maximum  improvement  in  viaibility  occurred. 


TABLE  10.  INITIAL  AND  MAXIMUM  HORIZONTAL  VISIBILITY  RESULTING  FROM 
APPLICATIONS  OF  SELECTED  DESICCANTS  AND  HERBICIDES 

•* 


Chemical 

and 

Treatment 

Rats, 
lb /acre 

Mean  Per  Conti/ 
Tarast  Visibility 
Initial  Maximum 

Ratio 

Maxlmum/Inltlal 

Visibility 

Months  to 
Maximum  Visibility 

Cacodyllc  Acid 

70 

1.8 

32 

60 

1.5-3. 0 

2 

71 

3.4 

21 

60 

2. 5-3.4 

2-4 

42 

6.0 

29 

53 

1.3-3. 6 

0.7-1 

Diquat 

72 

2.2 

30 

55 

1. 7-2.0 

2 

44 

2.8 

22 

41 

1.5-2. 8 

0.5-0. 7 

73 

3.8 

36 

55 

1.5-1. 6 

1-2 

43 

5.0 

18 

42 

2. 2-2. 7 

0.5-3 

Dlcamba 

78 

3.9 

17 

29 

1.2-1. 8 

2-3 

43 

6.8 

22 

32 

2.2 

3 

23 

7.0 

31 

43 

1.3-1. 5 

2-3 

77 

10.8 

20 

43 

2. 1-2.2 

2-3 

22 

15.0 

47 

63 

1.4-1. 8 

4 

Tordon 

75 

2.8 

36 

45 

1.2-1. 4 

3 

Tordon  +  Diquat 

50 

1.24-2.3 

28 

54 

1.7-2. 3 

5-6 

Tordon  4-  2,4-D 

31 

2.34-5.3 

10 

58 

5.1-7. 9 

6 

Tordon  +  Orange 

99 

0.5W9.1 

40 

48 

1.0-1. 6 

2-3 

a.  Data  based  on  percentage  of  target  visible  at  distances  of  10,  15,  sad 
20  asters. 
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The  ■arias  of  Purpla  treatments  averaging  13.6  lb/aera  acid  aqulvalenc 
(Tabla  9)  raaulced  in  a  mean  maximum  visibility  of  45%  (range  35  to  65%) 
as  compared  with  a  msan  initial  visibility  of  26%  (ranga  14  to  40%). 
Slightly  higher  visibilities  wars  obtained  with  increase  in  rata  (Figure 
22).  Maximum  increase  in  visibility  occurred  at  approxlaataly  3  months. 


As  measured  by  the  horizontal  visibility  technique,  applications  of 
Orange  at  5.5  to  21.0  Ib/acre  resulted  in  a  maximum  mean  visibility  increase 
of  42%  (ranga  30  to  49%)  as  compared  with  an  initial  mean  visibility  of  22% 
(ranga  11  to  34%)  (Tabla  9).  Canopy  affects  from  Orange  applications  made 
during  tha  dry  season  and  in  the  early  rainy  period  shewed  little  differ¬ 
ence  in  horizontal  visibility  with  rate  of  chemical  applied. 


Figure  22.  gelation  of  Minimum  Increase  la  Horizontal  Visibility  to 
Dosage  late  of  Purple  Applied.  Data  represent  treatment 
naans  of  the  ratio  of  post-  to  pre-treatment  visibility. 
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Applications  of  rink  gava  naan  valuas  for  initial  and  maximum  visibility 
similar  to  thoaa  of  Purple  and  Orange.  Maximum  visibility  was  obtained  2 
months  after  application.  Ho  significant  trends  were  noted  with  increased 
rates.  Dinaxol  gave  comparable  increases  in  visibility  to  the  other 
herbicides. 

Data  for  cacedylic  acid  and  diquat  (Table  10)  show  increases  in  hori- 
sontal  visibility  equivalent  to  or  greater  than  those  of  Purple  and  Orange. 
Cacodylic  acid  produced  maximum  visibility  in  3  to  4  weeks  after  treatment 
at  6.0  lb/acre.  Maximum  visibility  of  55  to  607.  from  cacodylic  acid  was 
equivalent  to  that  obtained  with  15  to  25  lb/acre  (2  to  3  gal/acre)  of 
Purple.  Diquat  gave  slightly  less  improvement  in  horizontal  visibility 
than  cacodylic  acid.  Treatment  44  at  2.8  lb/acre  gave  maximum  visibility 
in  2  to  3  weeks. 

Dicaoba  applied  as  acid  or  amine  at  rates  of  3.9  to  15.0  lb/acre  was 
less  effective  than  Purple  or  Orange.  One  replicate  applied  at  15.0 
lb/acre  gave  a  maximum  visibility  of  63%  but  net  improvement  over  the 
initial  reading  was  only  16%. 

Tor don  applied  singly  or  in  combination  with  other  chemicals  caused 
variable  increases  in  horizontal  visibility.  Late  rainy-season  treatments 
of  Tordon  in  mixture  with  diquat  or  2,4-D  were  more  effective  than  a  dry- 
season  application  of  Tordon  alone.  Treatment  51,  consisting  of  Tordon 
and  2,4-0,  gave  the  highest  percentage  Increase  in  horizontal  visibility 
of  the  entire  test  program  but  initial  visibility  was  also  the  minimum 
of  all  treatments.  In  general,  Tordon  treatments  attained  maximum  visibility 
3  to  6  months  after  application. 


D.  AERIAL  PHOTOGRAPHS 

Aerial  panchromatic  photographs  of  portions  of  Test  Sites  I  and  II 
are  shown  in  Figures  23  and  24,  respectively.  In  Test  Site  I  effective 
treatments  are  clearly  evident  in  the  unbroken  forest  canopy.  A  sugarcane 
plantation  adjoins  the  eastern  border  of  this  site.  Scattered  large 
deciduous  trees  of  the  dominant  canopy  are  visible  throughout  the  area. 

Figure  24  shows  the  calibration  grid  of  Test  Site  II  in  the  upper  left 
portion.  Secondary  forest  and  shrub  aspect  of  the  vegetation  are  evident 
as  well  as  previously  cultivated  clearings. 

Figures  25  and  26  shew  portions  of  Test  Sites  I  and  II  photographed 
with  Infrared  film.  Treatment  plots  with  dead  or  dying  vegetation 
photograph  black  in  contrast  to  tha  lighter  shades  of  untreated  vegetation. 


Figure  23.  Portion  of  Teat  Sit*  I  Shewing  Treated  Plot* 
betvaan  Lana  3  (at  tha  Bottom)  and  Lana  8 
(Near  Cha  Top).  Panchromatic  film,  acala 
1j 15,000.  February  1965. 


Figure  23.  Detail  of  Portion  of  Teat  Site  I  Showing  Denea  Poreet 
Canopy  and  Plot  Treatment*  between  tipper  Lena*  1  and  3. 
Infrared  film,  scale  1:5,000.  Treated  plota  photograph 
black.  Nay  1965. 
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S.  EVALUATION  CP  CHEMICALS 

Evaluation*  of  chemicals  ara  praaantad  In  outllna  form  with  tentatlv* 
recommendations  baaad  on  tha  condition*  of  tha  teat  program. 

1.  Purple 

a.  Chemical  Name 

501  n-butyl  eater  of  2,4-D;  30X  n-butyl  eater  of  2,4, 5-T, 
and  2 OX  lao-butyl  eater  of  2,4, 5-T 

b.  Teat  Record 

Number  of  treatment*:  20 

Ratea:  5.6  to  30.0  lb/acra  acid  equivalent  (0.65  to  3.5 
gal/acra  total  eater) 

Volume*:  0.65  to  5.4  gal/acre 

Season*:  early  rainy,  late  rainy,  dry,  early  rainy 

c.  Type  of  Chemical 

Herbicide,  caualng  defoliation  In  1  or  2  month*  and  partial 
or  complete  top  kill 

d.  Treatment  Effecta 

(1)  Rata 

The  degree  of  defoliation  aa  axpreaaad  by  percentage 
maximum  reeponae  and  the  duration  of  an  effective  level  of  defoliation 
lncreaaed  with  the  rate  of  Purple  applied  (Table  11).  An  affective  level 
of  defoliation,  60  to  65X  or  more  as  judged  by  visual  estimates  and  verti¬ 
cal  obscuration  technique,  was  obtained  with  applications  of  Purple  at 
1.5  gal/acre  (10  lb/acre)  or  more.  Tha  effective  level  of  defoliation 
was  reached  at  all  ratea  within  2  months  of  the  data  of  applications  made 
during  the  growing  season.  Applications  of  15  lb /acre  or  2  gal/acre  of 
total  esters  gave  an  average  maximum  effect  of  70X,  and  effactlva  duration 
lasted  for  2.2  smiths  or  until  4  to  6  months  after  the  chemical  was  applied. 
Applications  of  25  lb/acre  or  3  gal/acra  of  total  eater  caused  an  average 
maximum  defoliation  of  75X  as  measured  by  both  visual  estimates  and  verti¬ 
cal  photography.  The  period  of  effective  defoliation  at  this  rate  lasted 
for  3.4  months  beyond  the  2 -month  Interval  at  which  the  defoliation  level 
became  effective  (figure  27). 

for  effective  Increase  In  air-to-ground  visibility  and  soma 
Improvement  In  lateral  visibility  at  eye  level  In  the  range  of  vegetation 
condition*  represented  by  the  two  test  alts*,  a  minimum  effective  rate  of 
15  lb/ecre  add  equivalent  or  2.0  gal/acre  of  total  ester  la  recommended. 


IKl 


ifflM  at  27  lk/icn 
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TABU  11.  DEFOLIATION  RESPONSE  WITH  PURPLE 
USING  THREE  EVALUATION  TECHNIQUES 


Mean  Rate,  lb /acre 


Defoliation  Response 

10 

15 

20 

25 

%  Maximum  Effect 

Visual  Estimate 

54 

70 

73 

75 

Vertical  Obscuration 

60 

64 

79 

75 

Horisontal  Visibility 

42 

49 

51 

53 

Months  to  Maximum  Effect 

Visual  Estlaata 

3.1 

2.7 

3.3 

3.8 

Vertical  Obscuration 

2.7 

1.2 

4.5 

3.8 

Horisontal  Visibility 

3.1 

3.7 

2.5 

3.0 

Duration  of  Effective  Defoliation,  months 

Visual  Estlsttte 

1.3 

2.2 

3.2 

3.4 

(2)  Volume 

Effectiveness  of  Purple  treataents  vis  Influenced  acre  by 
race  then  by  voluas.  Appllcetlone  of  1  to  1.5  gal/acra  of  Purple  ae  pure 
chealcal  or  diluted  with  equal  voluaes  of  dleeel  fuel  produced  alallar 
defoliation  response. 

Satisfactory  spray  coverage  and  penetration  of  jungle 
vegetation  vae  obtained  vlth  applications  of  1.5  to  2.0  gal/acre  with  a 
droplet  else  of  275  to  350  microns  HKD. 

(3)  Season 

Applications  of  Purple,  vara  lass  effective  In  the  dry 
season  than  In  the  rainy  or  growing  season.  Purple  Is  a  systemic  growth- 
regulating  herbicide  and  the  principal  responses  of  the  plant  to  the 
cnemicil  are  made  during  active  growth.  The  herblcldal  and  defoliation 
response  nay  be  delayed  until  active  grorth  starts,  as  for  treataents 
made  In  April  at  the  end  of  die  dry  season.  Treataents  1  thru  7  (Table  3 
p.  56)  were  applied  during  April  1964  and  defoliation  response  was  delayed 
until  after  die  veiny  season  began  la  May. 
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Effective  defoliation  valuae  were  obtained  during  the 
dry  aeaaon  at  the  higher  ratea  of  application,  eapeclally  on  Teat  Site  II. 
The  pronounced  natural  defoliation  occurring  from  February  to  April  on 
this  alte  (Figure  18B)  obvioualy  contributed  to  the  total  defoliation 
aetinatea.  The  true  effectiveneaa  of  chemical  treatment*  applied  during 
thl*  period  la  therefore  difficult  to  aatablieh. 

(4)  Site 

Defoliation  reaponae  was  greater  in  the  aecondary  foreat 
and  ah rub  vegetation  of  Teat  Site  II  than  in  undiaturbed  foreat  of  Teat 
Site  I,  an  aaaaured  by  all  evaluation  technlquae.  Thla  difference  la  due, 
in  pert,  to  better  opportunity  for  apray  penetration  in  the  aecondary 
vegetation  and  to  the  aubatantlal  number*  of  apeeiea  that  reaponded 
readily  to  treattaent  with  Purple. 

e.  Remark* 

The  declduoua  tree*  of  the  dominant  layer  or  upper  canopy 
ahowed  a  greater  defoliation  and  herbleldal  reaponae  than  evergreen 
treea  and  ahruba.  Some  apeeiea  of  the  intermediate  tree  end  ahrub  layer 
ahowed  regrowth  initiating  4  to  6  aaratha  after  treatment. 

f.  Recommendation* 

A  minimum  rat*  of  15  lb/acr*  acid  equivalent  or  2.6  gal/acr* 
of  Purple  la  recommended  for  effective  defoliation  la  vegetation  type* 
repreeented  in  the  teat  location.  Applications  ahould  be  limited  to 
the  rainy  or  growing  aeaaon. 

Application  rat*  of  10  lb/acr*  or  approximately  1.5  gal/acr* 
may  be  uaed  in  aecondary  foreat  or  ahrub  vegetation  of  low  atatur*  and 
density. 

A  minimum  application  volume  of  1.5  gal/acr*  la  desirable. 

2.  Orange 

a.  Chemical  Ream 

501  ji-butyl  ester  of  2,4-D  sad  501  a,- butyl  ester  of  2,4,5-T 

b.  Test  Record 

Htmfaer  of  treatments:  10 

Rates:  5.4  to  21.0  lb/acre  acid  equivalent 
0.7  to  2.5  gal/aere  of  total  esters 
(Volumes:  1.0  to  2.5  gal/acre 
' Season* j  dry,  early  rainy 
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e.  Type  of  Chemical 

Herbicide,  eimiler  to  Purple  la  defoliation  and  herblddal 

reaponaea 

d.  Treatment  Effecta 

(1)  Rate 

Increaae  in  defoliation  reaponaa  with  lncreaae  in  rate 
aimllar  to  Purple.  Aa  measured  by  vertical  obscuration  values,  maximum 
defoliation  response  increased  from  S5X  with  applications  of  6.7  lb /acre 
to  95X  at  21.0  lb/acre  (Figure  28). 

Effective  defoliation  occurred  on  both  test  sites  with 
applications  of  10  to  12  lb/acre. 

(2)  Volume 

Volume  requirements  are  similar  to  Purple.  Addition  of 
diesel  fuel  to  chemical  mlxturaa  did  not  Increase  effectiveness. 

(3)  Season 

Early  ralny-saason  treatments  gave  effective  defoliation, 
particularly  on  Teat  Site  II. 

Dry-season  treatments  at  2.5  gal/acre  (21.0  lb/acre)  gave 
effective  defoliation  on  Teat  Site  I  but  lower  rates  were  ineffective. 

(4)  Site 

Differences  in  response  on  Test  Sites  I  and  II  were 
similar  to  Purple. 

e.  Remarks 

On  the  basis  of  short-term  evaluations  of  dry-season  and  early- 
gr owing -season  treatments.  Orange  was  equal  in  effectiveness  to  Purple. 
Orange  appeared  to  produce  a  more  rapid  defoliation  response  than  Purple; 
maximum  horlsontal  visibility  was  attained  1  to  2  months  after  treatment 
with  Orange  as  compared  with  that  of  2  to  4  months  for  Purple. 

f.  Recoammndatlons 

Orange  is  equivalent  to  Purple  in  defoliation  effectiveness 
on  the  basis  of  short-term  evaluations. 

The  same  rate  that  was  recommended  for  Purple  (15  Ib/acre 
or  2.0  gel/acre)  can  be  used  for  Orange. 


-vr-v*,--  ’ 
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3.  Pink 

a.  Chemical  Kama 

601  n -butyl  eater  and  40Z  iao-butyl  aatar  of  2,4, 5-T 

b.  Teat  Record 

Nuaber  of  treatment a:  17 

Ratea:  4.0  to  20.0  lb/aere  acid  equivalent 
0.5  to  2.5  gal/aere  of  total  eater 

Voluaaa:  0.3  to  6.0  gal/acre 

Seaaona:  early  rainy,  lata  rainy,  dry,  early  rainy 

c.  Type  of  Chemical 

Herbicide,  alallar  In  defoliation  reaponae  to  Purple 

d.  Treatment  Ef facta 

(1)  Rate 

Appllcatlona  of  Pink  save  effective  defoliation  at  a 
lower  rate  than  Purple.  Duration  of  effective  defoliation  waa  greater 
than  that  obtained  with  Purple  or  Orange,  extending  for  an  8-  or  9-month 
period  at  ratea  of  2.0  gal/acre  or  more. 

Appllcatlona  at  the  rate  of  8  to  10  lb/acre  (1  gal/acre 
of  total  eater)  appeared  to  be  a  minimal  effective  doaage  level. 

(2)  Volume 

Dilution  of  Pink  with  dleael  fuel  at  ration  of  one  part 
chemical  to  one,  two,  or  five  parta  dleael  fuel  did  not  significantly 
lncreaae  effectlveneaa. 

Minimum  total  volume  of  1.5  gal/acre  la  needed  for  adequate 

apray  coverage. 

(3)  Sea a on 

Raaponee  waa  almllar  to  Purple. 

Apparently,  effective  defoliation  waa  obtained  on  Teat 
Site  II  at  ratea  of  11  to  17  lb/acre  during  tha  dry  aeaaou. 

(4)  Site 

Reaponae  waa  alallar  to  Purple. 
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F lgure  28.  Defoliation  Xeaponae  from  Orange  Applied  at  21  Ib/acre  on  Teat  Site  II 
k.  Pretreataent,  February  1965. 

B.  TWo  aontha  after  treataent. 

C.  Four  aontha  after  treataent. 

D.  Seven  aontha  after  treataent.  Ho„e  the  regrowth  of  vinea. 
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e.  Remarks 

Pink  wet  generally  superior  to  Purple  in  percentage  of  defolia¬ 
tion  and  in  duration  of  effective  defoliation  based  on  visual  estimates, 
vertical  photography,  and  horizontal  visibility  techniques. 

Detailed  comparative  analysis  of  effects  of  the  two  herbicides 
will  be  published  in  a  subsequent  report. 

f.  Recommendations 

Pink  can  be  applied  for  effective  defoliation  during  the  grow¬ 
ing  season  at  1.5  gal/acre  or  15  lb/acra  acid  equivalent. 

4.  Dinoxol 

a.  Chemical  Name 

50%  butaxy  ethanol  ester  of  2,4-D  and  50%  but ary  ethanol 
ester  of  2,4, 5-T 

b.  Test  Record 

Number  of  treatments:  3 
Rates:  4.0  to  10.0  lb/acre 
Volumes:  1.0  to  3.0  gal/acre 
Season:  lata  rainy  season 

c.  Type  of  Chemical 
Herbicide,  similar  to  Purple 

Cosnerclal  formulation,  containing  4  lb/gal  acid  equivalent. 

d.  Treatment  Effects 

(1)  Rate 

Effective  defoliation  obtained  on  Test  Site  II  at  10  lb/acre. 
Slightly  superior  to  Purple  at  lower  rates  tested. 

(2)  Volume 

No  direct  comparisons  made. 

Volume  of  3  gal/acre  was  superior  to  1  gal/acre  at  respec¬ 
tive  rates  of  6  and  4  lb/acre. 
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(3)  Season 

No  cooparlsons  soda. 

(4)  Slta 

Two  of  throo  treatments  wars  wore  affective  on  Taat  SlCa  II. 

a.  Reaarks 

In  tha  Halt  ad  taata  with  thla  chaalcal,  dafoliatlon  raaponaa 
waa  slightly  auparlor  to* that  of  Purpla.  Thla  fotaulatlon  contains  an 
oil  basa  that  aey  hava  anhancad  absorption  and  panatratlon  of  tha  harblelda. 

f.  lac  n— an  da  t  Ion 

Additional  tasting  daslrabla.  Apparently  equivalent  In  affac- 
tlvonass  to  Purpla  or  Orango. 

5.  Cacodyllc  Acid  (Including  sodluai  eaeodylata  -  coda  naaa  Blna) 

a.  Chaalcal  Naaa 
Dimethyl  arslnlc  acid 

Sodlua  salt  of  dlasthyl  arslnlc  acid 

b.  Tost  Record 

Rusher  of  troataants:  3 

Ratos:  1.8  to  6.0  lb/aero 

Voluaas:  0.9  to  2.8  gal/acro 

Seasons:  early  rainy,  lata  rainy,  and  dry 

e.  Typo  of  Chaalcal 

Desiccant,  causing  rapid  defoliation. 

*  ,  i 

4.  Treataant  Effects  *  " 

(1)  Rata 

Defoliation  effective  for  a  period  of  2  to  4  weeks  after 
traataant  waa  obtained  by  applications  of  3.5  to  6.0  lb /acre  during  both 
dry  and  rainy  seasons.  Tha  higher  rata  of  application  was  nsadsd  for 
effective  defoliation  on  Tost  Sits  I  (Tlgura  29).  i 

Sodlua  eaeodylata  was  tasted  only  at  the  alnfasa  rata  but 
appeared  to  bo  cooper able  in  affect  to  cacodyllc  acid. 
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Figure  29.  Defoliation  Kaaponae  (ran  Cacodyllc  Acid  Appllad  at  4.9  lb /acre 
at  Taat  Site  I. 

A.  rretreataent.  May  19(4. 

B.  Three  veeka  after  treataant  at  nine  effect. 

C.  Three  aontha  —  ah  owing  regrovth. 


(2)  Volume 


Spray  volumes  of  2  to  2.5  gal/aero  ara  needed  for  adequate 

coverage. 

(3)  Saaeone 

Applications  of  3.5  to  6.0  lb/acra  vara  affactiva  in 
either  a  dry  or  rainy  season. 

Regrowth  occurred  rapidly  following  ralny-season  applica¬ 
tions.  Defoliation  ratings  of  effective  treatments  were  lass  than  5 OX 
3  months  after  application. 

(4)  Site 

Comparable  results  were  obtained  on  the  two  test  sltaa 
according  to  visual  estimates.  Improvement  in  horisontal  visibility 
was  greater  on  Test  Slta  II. 

a.  Remarks 

Both  cacodyllc  acid  and  dlquat  wars  affactiva  defoliants  for 
short  periods.  A  high  percentage  of  leaf  fall  occurred  in  1  or  2  weeks 
but  vegetation  recovered  rapidly,  particularly  under  favorable  moisture 
conditions. 

Cacodyllc  add  was  affective  in  both  dry-  and  ralny-saason 
applications;  dlquat  was  affactiva  in  the  growing  season  only. 

Cacodyllc  add  produced  slightly  less  defoliation  of  the 
upper  canopy  than  dlquat  as  evaluated  by  visual  estimates  and  vertical 
photography.  Cacodyllc  acid  at  6.0  lb/acre  gave  defoliation  response 
equivalent  to  Purple  or  Orange  at  15  lb/acre. 

Improvement  in  horisontal  visibility  obtained  with  cacodyllc 
add  at  rates  of  1.8  to  6.0  lb/acra  was  equivalent  to  that  of  Purple  or 
Orange  applied  at  2  to  3  gal/acre, 

f.  Recommendations 

Cacodyllc  acid  is  recommended  for  rapid  dafoliation  during 
the  growing  season  or  dry  season.  Applications  of  5  to  6  lb/acre  of 
cacodyllc  acid  or  sodium  eacodylate  in  a  volume  of  2.5  to  3.0  gal/acre 
give  effective  defoliation. 
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6.  Dlquat 

a.  Chemical  Mama 

1: l'Ethylene-2:2'dlpyrldyllun  dlbromlde 

b.  Test  Record 

Number  of  treatments:  6  with  dlquat  alone;  1  In  mixture  with 

amltrola;  1  In  mixture  with  Tor don 
Ratea:  2.2  to  3.0  lb /acre 
Volume#:  1.1  to  3.0  gal/acre 
Seaeons:  early  rainy,  late  rainy,  and  dry 

c.  Type  of  Chemical 

Dealecant,  causing  rapid  dafollatlon 

d.  Treatment  Effects 

(1)  Mte 

Rates  of  3  to  3  lb/acre  ware  required  for  effective 
defoliation.  Maximum  efface  occurred  2  to  4  weeks  following  treatment. 

Treatments  In  undisturbed  forest  vegetation  of  Te*. 

Site  I  wera  marginal  In  affectlvencss  at  the  smxlnum  rate. 

(2)  Volume 

Spray  applications  of  2.0  to  3.0  gal/aera  gavj  adequate 
coverage  In  forest  and  secondary  growth  vegetation.  Veter  was  used  as 
a  diluent. 


(3)  Season 

Dlquat  was  affective  during  the  growing  season  only. 
Dry-season  treatments  were  Ineffective  at  a  4  lb/acre  rate. 

A  dry-season  application  of  dlquat  at  4.0  lb/acra  In 
mixture  with  7.2  lb/acre  of  amltrola  was  Ineffective. 

(4)  Sltrt 

Dlquat  was  marginal  la  effectiveness  on  Test  Site  I  but 
gave  as  much  as  05%  defoliation  on  Test  Site  II  from  late  ralny-season 
applications  at  3.0  lb/acra. 
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e.  Imrki 

Diquat  caused  rapid  dafollatioo  similar  to  that  of  eaeodylic 
acid.  Maximum  offset  vac  noted  in  2  to  4  weeks  but  regrowth  occurred 
rapidly. 

Diquat  gave  slightly  less  Improvement  in  horisontal  visibility 
than  eaeodylic  acid.  As  evaluated  by  vertical  photography  and  visual 
estimates,  the  two  chemicals  gave  equivalent  response. 

A  mixture  of  diquat  with  Tordon  at  rates  of  2.5  lb/acre  and 
1.2  lb/acre,  respectively,  was  effective  3  to  5  months  after  treatment. 

f.  Recommendations 

Diquat  is  an  affective  rapid-acting  desiccant.  Applications 
of  3  to  5  lb /acre  give  affective  defoliation  for  a  period  of  2  to  4  weeks 
after  treatment. 

Diquat  is  comparable  in  effect  and  rata  of  action  to  eaeodylic 
acid.  The  latter  is  preferred  for  use  as  a  rapid  defoliant. 

Mixtures  of  Tordon  and  diquat  should  be  given  additional 
tasting  under  similar  site  conditions. 

7.  Dlcanba 

a.  Chemical  Heme 

2-nethcny-3,6-dlchlorobansolc  acid  (Available  as  acid  and 

amine  salt) 

b.  Test  Kacord 

Humber  of  treatments:  5 

Bates:  3.9  to  15.0  lb/acre 

Volumes:  1.3  to  3.4  gal/acre 

Seasona:  early  rainy,  lata  rainy,  dry 

e.  Type  of  Chemical 

Herbicide 

d.  Treatment  Effects 

(1)  Bate 

Dlcanba  acid  applied  in  the  dry  wesson  at  11  lb/acre  in 
butanol-meter  emulsion  gave  apparent  effective  visual  ratings  for  5 
months.  Data  indicated  treatment  was  marginal  or  ineffective. 
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Dlcamba  amine  applied  at  IS  lb/acre  during  early  rainy 
aaaaon  gava  barely  affactlva  defoliation  4  to  5  non the  after  treatment. 

(2)  Volume 

Volume  eomparleone  not  available. 

Three  gallone  per  acre  of  water  or  emulalon  sprays  adequate 

for  coverage. 

(3)  Season 

Marginal  reaponae  In  rainy  aaaaon;  marginal  to  ineffective 
during  the  dry  aaaaon. 

(4)  Site 

Variable  reaponae;  two  of  three  treatmanta  superior  on 

Teat  Site  II. 

a.  Remarks 

Dlcamba  gave  marginal  defoliation  reaponae;  Inferior  to  Purple, 
Orange,  or  Pink. 

Dlcamba  amine  waa  readily  applied  In  water. 

Acid  formulation  la  not  soluble  in  water  or  oil  and  required 
butanol-water  emulalon  aa  solvent. 

Rot  suitable  for  operational  use. 

f.  Recommendations 

Minimal  in  affectlveneas  at  IS  lb/scra. 

Inferior  to  Purple  or  Orange. 

Amine  formulation  of  possible  use  In  additional  teats  in 
mixtures  with  cacodyllc  acid  or  other  water-soluble  chemicals* 

8.  Tordon 

a.  Chemical  Rama 

4-emino-3,5,6-triehloropicoUalc  add,  available  aa  potassium 

salt 
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b.  Tut  Record 

Number  of  treatments:  4 

Ratea :  2.8  lb/acra 

1.2  lb/acra  with  2.5  lb/acra  diquat 

2.3  lb/acra  with  5.3  lb/acra  2,4-D  amine 

0.5  lb/acra  with  9.1  lb/acra  Oranga 

Volumes:  1.5  to  3.2  gal/acra 

Saaaona:  Lata  rainy,  dry,  aarly  rainy 

c.  Typa  of  Chaalcal 

Harbidda 

d.  Treatment  Effecta 

(1)  Rata 

« 

Tordon  applied  alngly  during  dry  aaaaon  at  2.8  lb/acra  gave 
marginally  affactiva  dafollatlon  for  4  months;  lncraaaad  raaponaa  waa 
obaarvad  In  tha  5th  month. 

In  combination  with  diquat,  lata  ralny-aaaaon  application! 
ware  affective  from  3  to  5  month  a  after  treatment. 

With  2,4-D,  Tordon  at  2.3  lb/acra  waa  affactiva  from  4  to 
6  months  after  treatment;  visual  estimates  of  80  to  9 OX  defoliation  vote 
recorded  at  5  months;  maximum  effect  <78  to  79X)  was  observed  by  the 
photographic  method  at  2  to  5  months.  The  combination  of  2,4-D  and  Tordon 
gave  the  greatest  increase  In  horlsontal  visibility  in  the  entire  test 
program. 

Tordon  at  0.5  lb/acre  with  Orange  (9.1  lb 'acre)  showed 
no  significant  difference  in  defoliation  from  Oranga  treatments  lapwing 
Tordon.  Maximum  effect  was  reached  in  1  month. 

(2)  Volume 

Ho  significant  comparisons  can  be  made. 

Volume  of  3  gal/acre  appears  to  be  satisfactory. 

(3)  Season 

Tordon  applied  during  the  dry  season  was  marginally  effec¬ 
tive  but  showed  an  increase  in  effect  at  the  and  of  5  months. 

Rainy- season  applications  of  Tordon  with  2,4-D  and  diquat 
wera  effective  at  rates  used. 
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(4)  Site 

Three  of  four  treatments  v«rt  restricted  to  Toat  Slta  II. 

Mo  significant  comparisons. 

a.  Remarks 

Tordon  la  a  potent  harblclda.  Dafollatlon  responses  at  2.8 
lb/acra  vara  equivalent  to  treatments  with  Purpla  or  Orange  at  10  lb/aera. 

Tha  small  amount  of  Tordon  available  severely  Halted  the 
number  of  tests,  and  aoat  traataanta  ware  made  in  eoablnatlona  vlth 
other  ehealcala. 

Harblcldal  raaponaa  to  Tordon  la  slower  than  that  froa  Purpla 
or  Oranga,  reaching  maximum  In  4  to  6  aontha. 

f.  Recommendations 

Highly  affective  dafollatlon  vaa  obtained  vlth  tha  combination 
of  2  lb/aero  Tordon  and  5  lb/acra  of  2,4-D  amine  In  a  single  teat. 

An  additional  teat  of  1.2  lb/aera  Tordon  and  2.S  lb/acra  diquat 
vaa  effective  for  a  2-  to  6 -month  period. 

This  chemical  daaarvaa  additional  tasting  whan  applied  singly 
or  In  mixtures  vlth  other  chemicals,  gates  of  2  to  4  lb/acra  are  suggested. 

9.  Kndothall 

.  a.  Chemical  Kama 

3,6-endcmohexahydropbthallc  acid 

dlsodt-a  3,6-endaxohaxahydrophthalata 
b.  Test  Record 

taker  of  treatments:  4  vlth  9ndothall  salt 

3  vlth  hdothall  acid 

gates:  1.0  to  3.3  lb/aere 

Volumes:  1.2  to  4.0  gal/acre 

e.  Typo  of  Chemical 


Defoliant 
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d.  TrMtmnt  Effects 

(1)  Rat* 

Maximum  defoliation  rating*  obtained  by  viaual  estimates 
and  vertical  photography  technique*  were  30  to  50%  at  rate*  of  5  to  5.5 
lb /acre. 


Initial  defoliation  of  10  to  30%  vaa  recorded  in  the 
firat  2  week*  after  treatment.  Maximal  effect  occurred  1  to  1.5  month* 
after  treatment . 

(2)  Volume 

Mo  compariaona  of  volume  were  made  but  2.5  to  4.0  gal/acr* 
gave  eat ia factory  apray  coverage. 

(3)  Season 

Mo  valid  compariaona.  Growing-season  treatments  gave 
maximum  defoliation. 

(4)  Site 

Mo  valid  comparisons. 

e.  Remarks 

Treatments  with  Bndothall  vara  ineffective  at  rates  up  to 

5.5  lb/acr*. 

Some  species  showed  defoliation  response  within  one  week 
after  treatamnt.' 

f.  Recommendation 

Mot  suitable  a*  a  defoliant  under  test  site  conditions. 

10.  Ineffective  Chemicals 
a.  Amltrole 

(1)  Chemical  Hama 

3-amino-l,2,4-trlaaole 
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(2)  Teat  Record 

Single  treatment  et  6.3  lb/acre 

Additional  treatment  et  7.2  lb /acre  In  mixture  with  diquat 

et  4.8  lb /acre 

(3)  Type  of  Chemical 

Herbicide,  effective  in  control  of  certain  woody  plants. 

(4)  Remarks 

Amltrole  gave  no  recordable  defoliation  In  applications  at 
6  lb/ecra  In  late  rainy  season  or  In  mixture  with  diquat  In  a  dry-season 
application. 

Slight  chlorosis  of  the  upper  canopy  foliage  was  apparent 
In  aerial  observations. 

(3)  Recommendation 

Not  effective. 

b.  Butyne  dlol 

(1)  Chemical  Name 

2 -Butyne -1,4 -dlol 

(2)  Teat  Record 

Three  treatments  at  rates  of  4.5  to  11.0  lb/acra  during 
the  early-  end  late-rainy  seasons. 

(3)  Type  of  Chemical 
Defoliant  and  desiccant. 

(4)  Remarks 

Butyne  dlol  was  Ineffective  and  resulted  In  only  slight 
defoliation  ratings  et  3  to  4  weeks. 

(5)  Recosmwndatlon 


Not  effective. 
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c.  Folex;  Merphoa 

(1)  Ch arnica 1  Nana 

Trlbutyl  phoaphoroCrlthlolta 

Formulated  aa  Merphoa,  an  oll-*oluble  concentrate,  and 
Folex,  an  emu  lai  flab  le  concenCrata. 

(2)  Teat  Racord 

Five  treatment a  at  rataa  of  6  to  28  lb/aera  during  tha 
early-  and  late-rainy  aeaaona. 

(3)  Type  of  Chemical 

Defoliant 

(4)  Reaarka 

High  rataa  of  Merphoa  (22  and  28  lb/acra  applied  In  dlaaal 
fuel)  gave  approximately  50  to  60%  defoliation  at  1  to  3  waeka  aa  meaaured 
by  tha  vertical  obacuratlon  technique a.  Ratinga  by  viaual  eatlmatea  did 
not  exceed  15%  defoliation. 

Major  affect  vaa  In  tha  upper  canopy  layer. 

(5)  Recommendation 

Hot  affective. 

d.  Trlbutyl  Phoephata 

(1)  Chemical  Hama 

Trlbutyl  phoaphate 

(2)  Taat  Record 

Three  treatment*  at  rataa  of  10  to  24  lb/acra  during  tha 
early-  and  late-rainy  aaaaon. 

(3)  Type  of  Chemical 

Daelccant. 

(4)  Remark* 

Trlbutyl  phoaphata  gave  negligible  defoliation  within  tha 
flrat  2  weak*  after  treatment. 

(5)  Recommendation 


Hot  affective 
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II.  DISCUSS10W 


A.  GENERAL  RESPONSES  TO  DEFOLIANT  CHEMICALS 

General  alnilarltlea  vara  notad  for  the  antlra  group  of  chenicala  la 
tha  taat  program  la  raaponaa  to  aavaral  variable*  and  coadltlona  of  tha 
taat. 

1.  Saaaoa  of  Applleatloc 

Tha  aaaaoa  of  application  and  tha  ralatad  climatic  aad  aoll  molature 
coadltlona  vara  Important  variable*  affecting  tha  reaponaee  of  vegetation 
to  chemical  treatment*.  The  monaoon  rainy  aaaaoa  that  extend*  from  May  to 
November  In  tha  taat  area  la  normally  a  period  of  active  growth  of  the  dry 
evergreen  for* at  (Figure  30). 

Purple,  Pink,  Orange  aad  other  growth -regulator  herbicide*  gave 
more  effective  defoliation  raaponaa  from  application*  made  during  the 
rainy  or  growing  aeaaon  than  In  the  dry  aeaaon  under  condition*  of  defi¬ 
cient  aoll  molatur*  for  plant  growth.  Thla  aaaaonal  affect  on  defoliation 
waa  noted  particularly  on  Teat  Site  1  on  which  dry-eeaaon  application*  of 
Purple  were  Ineffective  at  rate*  up  to  3.0  gal/acre.  By  eontraat,  applica¬ 
tion*  of  Purple  at  1  gal/acre  during  tha  growing  aeaaon  gave  effective 
defoliation  at  thla  alt*. 

Natural  defoliation  of  woody  apeclea  waa  more  evident  on  Taat 
Site  II  during  tha  dry  aeaaon.  Soma  of  the  relatively  high  defoliation 
ratlnge  from  the  vlaual  eatlmate  technique  obtained  on  thla  alt*  In  the 
dry  aeaaon  include  the  effect  a  of  both  natural  and  chaadeally-laduced 
defoliation  (Figure  31). 

The  two  daalccanta,  cacodyllc  acid  aad  dlquat,  differed  In  their 
•ffectlveneaa  In  dry-*** eon  application*.  Cacodyllc  acid  waa  affective 
In  both  rainy-  and  dry-aeaaon  treatment a.  Dlquat  appeared  to  be  nor* 
effective  when  applied  during  the  rainy  aeaaon.  Dlquat  ha*  bean  damon- 
atreted  to  exhibit  limited  trana location  following  foliar  abaorptlon, 
thua  enhancing  lta  action  during  period*  of  plant  growth.  Cacodyllc  acid, 
on  the  other  hand,  produced  primarily  a  contact  effect  aad  waa  not 
appreciably  Influenced  by  the  growth  condition*  of  the  plant*. 

The  natural  reapoaaea  of  vegetation  cover  to  the  cycle*  of  dry 
and  relay  aeaaon*  on  the  two  teat  altaa  are  ah own  la  Figure*  If,  30,  aad 
31,  aa  observed  on  untreated  control*  by  the  vertical  photography  tech¬ 
nique.  Greater  amplitude  of  aaaaonal  variation  la  canopy  dandty  la  noted 
at  Teat  Sit*  II  than  la  Teat  Site  I.  The  vegetation  la  the  latter  alt* 
conalated  r*  eadlaturbed  for* at  with  a  mar*  or  leaa  contlanou*  Intermediate 
tree  layer  ex  evergreen  apeclea  under  e  acat taxed  canopy  of  mixed  evergreen 
and  d-clduoue  tree*.  On  Teat  llta  XI  the  major  apeclea  camponanta  were 
declduoua,  reeultlng  la  marked  aaaaonal  change*  la  foliage  daealty  between 
the  wet  aad  dry  aeaaon*. 
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Him  30.  taaaaaal  Pallatlaa  Cfcaagaa  it  Taat  lit*  X  la 
A.  MM-nlay  mm,  layc  IMA. 

>.  Early  Ary  mm,  laa  IMS. 

C.  Uti  dry  mm,  April  191). 

D.  Early  rainy  aaaaoa,  Jam  IMS. 


OMraacad  Coatral  Plot. 
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2.  Site  Differences 


Fairly  consistent  differences  vers  found  between  Test  Sites  1  end 
II  in  the  defoliation  responses  to  most  chemicals.  Representative  data 
illustrating  these  differences  are  shown  in  Table  12  for  Purple,  Pink, 
and  dacodylic  acid  treatments.  In  75  to  80%  of  the  instances  in  which 
the  seme  treatment  was  applied  to  plots  on  the  two  test  sites,  the 
response  on  Teat  Site  II  was  greater. 


TABLE  12.  MEAN  MAXIMUM  DEFOLIATION  RESPONSES  ON 
TEST  SITES  I  AND  XI  FROM  SELECTED  TREATMENTS 


Test  X  Maximum  Defoliation  Horizontal  Visibility 

Site  Visual  Estimate  Vertical  Obscuration  Increase  Ratio 


Purple; 

Five  Treatments,  mean 

rate  16.9  ib/acre 

I 

40 

43 

1.5 

II 

74 

70 

2.7 

Pink: 

Five  Treatments,  mean  rate  10.4  lb/acre 

I 

54 

54 

1.8 

II 

75 

77 

1.8 

I 

49 

42 

1.8 

II 

57 

51 

3.3 

This  difference  in  response  was  related  to  differences  in  the 
general  structure,  density,  and  species  composition  of  the  vegetation  on 
the  two  sltea  and  the  relation  of  these  characteristics  to  spray  coverage 
and  penetration.  Test  Site  I  consisted  of  forest  with  2  or  3  layers  or 
strata  of  trees  and  shrubs  in  the  vegetation  profile.  A  typical  section 
or  profile  included  the  dominant  canopy  of  broadly  spreading  tree  crowns 
at  varying  heights  and  spacing,  an  Intermediate  tree  layer  of  evergreen 
species  such  as  Strablus  sevlanica  that  showed  resistance  to  treatment 
with  most  chemicals,  and  a  dense  shrub  layer  with  many  vines  and  woody 
climbers.  Test  Site  II  consisted  of  secondary  forest  or  shrub  vegetation 
la  which  the  major  tree  cover  had  bean  removed  by  clearing  and  cutting. 
The  major  cover  consisted  of  small  trees  and  shrubs,  usually  more  open 


and  aubjacc  to  graatar  panatration  of  apray  during  treatment  application 
than  tha  danaa  multilayered  foraat  of  Taat  Slta  I.  Aa  notad  In  tha  discus 
a ion  on  aaaaon  of  application,  Taat  Slta  II  contalnad  a  hlghar  proportion 
of  seasonally  daclduoua  apaclaa  that  ahowad  a  grantor  raaponaa  to  chemical 
traataant  than  tha  predominant  evergreen  coapoaltlon  of  Taat  Slta  I. 

3.  Spaclaa  Raaponaa  to  Traataant 

Markad  dlffarencaa  In  apaclaa  defoliation  raaponaa  warn  notad 
in  tha  dlvaraa  and  complex  plant  population  of  the  teat  aitoa.  Spaclaa 
auch  aa  Acacia  comoaa.  Phvllanthua  ap.  and  Clalatanthua  daavphvllua 
defoliated  readily  froai  swat  chemical  treatment a.  Tree a  Including 
Streblua  aeylanica.  Hvdnocarpua  lllclfollua.  and  aeveral  apaclaa  of 
Dloaovroa  were  relatively  reaietant  to  defoliation  with  tha  chamicala 
teated.  A  detailed  analyala  of  apaclaa  raaponaa  will  be  publlahed  In  a 
subsequent  report. 

In  the  more  complex  vegetation  of  Taat  Slta  I,  dlffarencaa  vara 
noted  in  tha  relative  raaponaa  of  dominant  canopy  and  of  tha  shrub  and 
ground  cover  lay era,  attributable  In  part  to  varlatlona  In  amount  of 
chemical  apray  deposited  In  the  upper  canopy  va.  tha  foraat  floor  and 
to  poaalble  dlffarencaa  in  susceptibility  of  tha  apaclaa  components  to 
chemical  treatment. 

4.  Rataa  and  Volumea  of  Application 

Chamicala  auch  aa  Purple,  Pink,  Orange,  and  cacodyllc  add  that 
were  taatad  at  aeveral  rataa  generally  ahowad  an  Incraaaa  In  defoliation 
affactlvcnaaa  at  the  hlghar  rataa  of  application.  Ineffective  chamicala 
Including  Bidothall  and  trlbutyl  phoaphorotrlthiolte  (Polex  and  Marphoa) 
exhibited  partial  defoliation  raaponaa  only  at  tha  hlghar  rataa  taatad. 

Maximum  defoliation  reaponaaa  of  85  to  90%  wara  recorded  but 
complete  defoliation  of  all  apeclaa  waa  not  obtained  on  any  treatment 
plot. 


Rata  of  chemical  applied  had  a  greater  Influence  cn  affective 
defoliation  than  volume  of  apray  aolution  applied.  Evaluation  of  treat* 
manta  with  Purple,  Orange,  and  Pink  In  which  1  gal/aero  of  pure  chemical 
waa  compared  with  2  gal/acre  of  a  1:1  mixture  of  chemical  and  dlaaal  fuel 
ahowad  no  algnlflcant  dlffarencaa  In  defoliation  raaponaa. 

Application  or  delivery  volumea  of  1.5  to  3.0  gal/acra  appeared 
to  be  adequate  for  Purple  and  other  oil  •soluble  chamicala.  Water-eolubla 
chamicala  auch  aa  cacodyllc  acid  required  a  hlghar  delivery  volume  to 
achieve  dealred  levels  of  apray  depoalt  becauae  of  droplat  evaporation. 
Minimum  delivery  volumea  of  2.5  to  3.0  gal/acre  of  theae  chamicala  wara 
needed  to  give  satisfactory  coverage  and  penetration  of  tha  canopy. 


B.  CBOTBU  TOR  KVAUDATIO« 

Kvaluatior  of  effectiveness  of  defoliation  trufmti  la  rolatloa  to 
type  of  chsaical,  rata,  voluaa,  aad  season  of  application  was  baaad 
principally  on  visual  astlaatss  aad  aaasuraaoats  of  eauopy  obscuration 
by  vortical  photography.  Tha  photographic  technique  furnishes  a  acre 
precise  aad  quantitative  Measure  than  visual  estimates. 

In  the  visual  estlaete  net hod,  sa  over-all  percentage  of  defoliation 
Is  obtained  in  which  proportionate  differences  In  defoliation  in  the 
several  layers  of  tha  vegetation  profile  are  coablned  by  the  observer 
Into  one  value.  In  tha  art leal  photography  technique,  the  photographic 
sample  of  the  vegetation  profile  assunes  the  fora  of  an  Inverted  cone 
with  Its  tip  at  caasra  level.  Tha  60-degree  angle  of  tha  cone  apes  when 
projected  upward  encloses  a  circular  area  SO  feet  In  dlaaeter  at  a  height 
of  approximately  43  feet.  Thus,  tha  sample  sine  aad  the  proportion  of 
area  sampled  are  greater  In  the  dominant  canopy  'hen  la  the  shrub  layer. 
However,  soma  compensation  for  the  reduced  saapla  alma  In  the  shrub  layer 
Is  offered  by  the  larger  negative  image  of  this  profile  component  because 
of  Its  proximity  to  the  camera. 

A  r  'Quinary  comparison  of  msxiaum-ef fact  data  from  tha  photographic 
aad  vis  vote  techniques  shows  fairly  high  correlation  between  the 

two  sets  s  obtained.  Mean  values  for  70  treatments  were  69.3% 

for  vlsua.  tas  vs.  63.1%  for  vertical  obscuration  values.  Tha 

photograph:  mlque  gives  lower  values  than  tha  visual-estimate  method 

because  of  ti  variable  obscuration  component  contributed  by  the  residual 
branches  aad  tree  trunks.  HskIumsi  values  of  85  to  95%  have  besm  observed 
for  both  techniques,  aad  tha  two  methods  nay  be  considered  fairly  comparable 
in  rating  effectiveness  of  treatment. 

Measurements  of  target  visibility  obtained  by  the  horizontal  visibility 
technique  reflect  variations  la  combined  foliar  density  aad  obscuration  to 
vision  offered  by  the  matrix  of  stems  sad  branches.  In  the  jungle-type 
vegetation  of  the  test  location,  the  reduction  la  herlsoatsl  visibility 
due  to  obscuration  by  stems  aad  brandies  places  a  variable  maximum  limit 
on  visibility  at  the  distances  used  la  the  evaluation  technique.  This 
obscuration  component  la  considerably  greeter  In  magnitude  than  that 
encountered  In  the  vertical -obscuration  technique  end  results  la  a 
narrower  range  of  values  from  mao  our  aments  before  sad  after  defoliation 
treatment.  In  the  data  analysed,  the  extreme  limits  of  horlsaatal  visi¬ 
bility  at  a  distance  of  10  to  20  maters  were  10%  before  treatment  to  63% 
under  naxlnma  defoliation.  Naan  pretreatmsnt  visibility  for  60  treatments 
on  the  twe  test  sites  was  24.6%. 

Thus,  Improvement  la  visibility  from  defoliation  treatment  falls  within 
a  more  restricted  range  of  absolute  values  than  Is  expressed  by  tbs  ocher 
two  techniques.  Isaunlag  sa  Initial  visibility  of  25%  sad  aa  upper  limit 
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of  751,  an  observed  target  visibility  rating  of  60X  would  represent  e  net 
improvement  of  35  7  50  or  7 OX.  Treatments  rated  effective  by  the  visual- 
estimate  method  (60  to  65X  or  more)  had  horia octal  visibility  ratings  of 
45  to  SOX  at  maximum  affect  (Table  12). 

Visual  estimates  of  60  to  6SX  or  more  over-ell  defoliation  ere  con¬ 
sidered  effective  in  improvement  of  air-ground  visibility.  General  observa¬ 
tions  of  vegetation  response  to  treatment  throughout  the  forest  profile  of 
Test  Site  X  revealed  that  the  upper  or  dominant  canopy  defoliated  more 
readl than  the  intermediate  tree  end  shrub  or  ground  cover  layers. 

This  gradation  in  response  from  the  uppermost  layer  to  the  forest  floor 
was  due  to  eeverel  factors  including  reduced  spray  deposit  under  heavy 
caaoplea  and  to  differential  response  of  species  to  chsmicel  treatment. 
Assuming  that  the  forest  profile  consisted  of  three  strata,  with  one-third 
of  the  foliage  density  contributed  by  the  dominant  canopy,  an  over-ell 
estimate  of  65X  defoliation  generally  represented  an  upper  canopy  defolia¬ 
tion  of  80  to  85X.  This  degree  of  defoliation  would  greatly  improve  air- 
ground  visibility. 


c.  nrratPoiATioM  or  tssrars 

The  information  end  experience  gained  in  thla  teat  program  should  be 
of  value  in  application  to  othar  t. epical  areaa  euch  as  those  in  the 
Republic  of  Viet  Ram.  The  general  correspondence  in  the  two  areas  in 
vegetation  type,  climate,  soils,  and  terrain  indicates  that  similar 
defoliation  response  should  be  obtained  in  the  two  locations.  Both  areas 
are  characterised  by  a  tropical  evergreen  forest  with  a  monsoon  climata 
resulting  in  a  pronounced  seasonal  separation  into  a  rainy  season  and  a 
dry  season.  Close  similarities  in  vegetatlonal  composition  have  been 
noted  with  many  identical  species  and  a  large  number  of  identical  genera 
occurring  in  both  locations. 

The  two  teat  sites  are  representative  of  the  range  of  vegetatlonal 
conditions  In  large  portions  of  Southeast  Asia.  Vast  areas  of  relatively 
undisturbed  Jungle  or  tropical  evergreen  forest  with  its  multi -layered 
struct  ire  are  exemplified  by  Teat  Site  X.  The  secondary  forest  and  danse 
shrub  growth  of  Teat  Site  II  are  characteristic  of  the  vegetatlonal  trends 
common  throughout  tropical  areaa  following  partial  clearing  and  shifting 
cultivation. 

Although  the  selection  of  the  test  location  in  ana  of  the  drier  por¬ 
tions  of  the  tropical  forest  area  of  Thailand  was  governed  largely  by  its 
availability  for  the  teat  program,  it  is  believed  that  the  choice  was  a 
fortunate  one  in  presenting  the  more  difficult  vegetation  situations  in 
which  defoliation  might  be  utilised.  Because  of  the  extremely  pronounced 
seasonal  trends  of  the  test  Location,  maximum  defoliation  responses  ware 
cons latently  obtained  during  the  favorable  soil-moisture  conditions  of 
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the  rainy  muod.  Interpolation  of  the  raaulta  of  Chaaa  tasta  to  othor 
araaa  with  a  more  favorabla  aolatura  regime  would  Indicate  that  chemical 
defoliation  treatment  ahould  ba  equally  or  aora  affaetlva  than  at  tha 
taat  location.  Xt  la  believed  that  many  of  tha  drought -resistant  spaelaa 
of  tha  dry  mixad-evergreea  foraat  auch  as  baaboo  and  Strablua  ara  ralatlvaly 
raalstant  to  dafollatlon  traatrwmta.  Thus,  tha  axtra aa  conditions  of  tha 
taat  location  would  load  to  racasmended  treatments  that  should  provide  an 
sap la  safaty  factor  whan  appllad  to  othar  aora  favorabla  areas. 

Tha  spray -distribution  equipment  and  tha  rastrlctad  application 
conditions  of  tha  taat  program  dlffar  slightly  fron  tha  procaduraa  usad 
In  an  oparatlonal  program.  Tha  refinements  of  tha  research  test  program 
with  ralatlvaly  snail  test  plots  required  careful  control  of  spray  drift 
to  permit  valid  comparisons  of  adjacent  test  plots.  Applications  ware 
made  at  a  ralatlvaly  low  flying  height  above  tha  forest  canopy  to  secure 
uniform  spray  deposition  on  a  relatively  narrow  swath  width.  It  Is 
ballavad  that  these  differences  In  oparatlonal  procedure  ara  not  suffi¬ 
cient  to  Influence  tha  projection  of  tha  test  program  results  for  large- 
scale  requirements. 
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The  following  general  conclualons  are  drawn  from  the  reaulta  of  the  teat 
program  on  the  baala  of  evaluations  completed  through  August  1965.  Minimum 
effective  defoliation  la  considered  to  be  60  to  651  based  on  visual  estimates 
and  vertical  obscuration  technique.  A  synopsis  of  use  recommendations  from 
this  Information  Is  shown  In  Table  13. 

1)  Purple,  Orange,  Pink,  Dlnaxol,  and  Tordon  were  effective  herbi¬ 
cides  for  long-term  defoliation.  Dlcaaba  gave  marginal  but  generally 
Ineffective  defoliation. 

2)  Cacodyllc  add  and  dlquat  were  effective  desiccants  for  fast, 
short-term  defoliation. 

3)  Merphos  or  Folax,  Bndothall,  trlbutyl  phosphate,  butyne  dlol,  and 
amltrole  were  Ineffective  as  defoliants. 


4)  Orange  was  equivalent  to  Purple  In  defoliation  effaetlveness. 

Rates  specified  for  Purple  are  applicable  to  Orange  on  the  basis  of  short¬ 
term  observations. 

5)  Minimum  effective  rate  of  Purple  and  Orangti  *  vs  2.0  gal/acre  of 
total  esters  (15  lb/acre  acid  equivalent)  applied  dud*  .  rainy  or  growing 
season.  Applications  at  this  rate  were  effective  In  both  dense  forest  with 
multiple  canopies  and  secondary  forest  and  shrub  with  a  single  canopy. 
Defoliation  was  effective  for  4  to  6  months  after  treatment. 

6)  Applications  of  Purple  and  Orange  at  1.5  gal/acre  (10  lb/acre 
add  equivalent)  were  effective  during  the  rainy  season  In  secondary  forest 
and  shrub  with  light  to  moderate  cover. 

7)  Applications  of  Purple  and  Orange  at  2.5  to  3.0  gal/acre  gave 
maximum  defoliation  In  vegetation  types  ranging  from  Ugjt  to  dense  cover. 

At  3.0  gal/acre  effective  defoliation  was  obtained  for  6  to  9  or  more  months 
aftrr  treatment. 


8)  Applications  of  Purple,  Orange,  and  other  growth-regulator  herbi¬ 
cides  were  less  effective  during  the  dry  season  than  when  made  during  the 
growing  season.  Applications  of  these  chemicals  should  generally  be  restricted 
to  the  rainy  season  when  soil  moisture  Is  available  for  growth  and  to  the 
sunth  immediately  preceding  the  rainy  season. 

9)  Pink  gave  effective  defoliation  at  slightly  lower  rates  than 
Purple  or  Orange.  Applications  of  Pink  at  2.0  gal/acre  during  the  rainy 
season  gave  effective  defoliation  for  8  to  9  months. 
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10)  Minima  affective  dosage  of  Pink  appeared  to  be  1.0  to  1.25 
gnl/acre  <8  to  10  lb/acre). 

11)  Dinaxol,  a  cooaerclal  foraulatlon  containing  low-volatile  eaters 
of  2,4-D  and  2,4,5-T,  gave  slightly  superior  defoliation  response  than 
Purple  in  limited  trials.  Additional  comparative  teats  with  Orange  or 
Purple  are  needed  to  substantiate  these  results. 

12)  Cacodyllc  acid  or  sodium  cacodylate  applied  in  water  solutions 
at  rates  of  5  to  6  lb/acre  gave  effective  desiccation  and  defoliation  of 
undisturbed  forest  and  secondary  forest  and  shrub  vegetation.  Maximum  defolla 
t ion  occurred  2  to  4  weeks  after  application.  Treatments  were  equally  effec- 
tive  during  rainy  and  dry  seasons. 

13)  Cacodyllc  acid  applied  at  6.0  lb/acre  gave  defoliation  response 
equivalent  to  Purple  or  Orange  at  15  lb/acra  acid  equivalent. 

14)  Dlquat  was  equivalent  in  defoliation  response  to  cacodyllc  add 
or  sodium  cacodylate  but  was  effective  only  during  the  growing  season.  Rates 
of  3  to  5  lb/acre  were  required  for  effective  defoliation. 

15)  Dlcamba  gave  minimal  effective  defoliation  when  applied  at  rates 
up  to  15  lb/acre.  The  chemical  was  inferior  to  Purple,  Orange,  and  Pink  for 
long-term  defoliation. 

16)  Limited  tests  showed  that  Tor don  applied  singly  or  in  mixtures 
with  2,4-D,  dlquat,  and  Orange  was  highly  effective  on  a  per -pound  basis 
but  generally  slower  than  Purple  or  Orange  in  defoliation  response.  Effec¬ 
tive  defoliation  was  obtained  with  Tordon  in  mixtures  at  rates  of  1  to  3 
lb/acre.  Additional  tests  are  needed  to  confirm  these  reeulte. 

17)  Dry-season  application  of  Tordon  was  marginally  effective  but 
showed  an  Increase  in  effect  at  tha  end  of  5  months. 

18)  All  effective  desiccants  and  herbicides  gave  a  higher  degree  and 
a  longer  duration  of  defoliation  with  Increased  rate  of  application. 

19)  Defoliation  responses  from  Purple,  Orange,  and  Pink  were  Influ¬ 
enced  r  re  by  rate  of  application  than  by  the  volume  of  spray  solution 
applied.  Comparative  treatments  of  these  chemicals  at  1  gal/acre  of  pure 
chemical  with  2  gal/acre  of  a  1:1  mixture  with  diesel  fuel  shewed  no  slgnlfl- 
ca.it  difference  in  defoliation  response  at  the  higher  volume.  The  same 
amount  of  Pink  applied  in  2  gal/acre  vs.  b  gal/acre  of  spray  solution  gave 

no  difference  in  defoliation  response. 

20)  Minimal  volume  of  1.5  gal/a-'.re  is  recommended  for  applications 
of  Purple,  Orange,  and  other  oil-soluble  herbicides  to  secure  effective 
spray  coverage  and  penetration. 
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21)  Ha  <r*Mlubl*  chwdcili  such  u  cacodyllc  acid  or  dlquat  require 
a  alnlK*  volume  of  2.S  Co  3.0  gal/acre  to  achieve  desired  l  eve  La  of  spray 
deposit  for  affective  coverage  and  penetration. 

22)  Optimum  droplet  slsea  for  rapid  fallout  and  v*st  penetration  of 
vegetation  canopy  were  in  the  range  of  273  to  350  alcrona  MM)  for  aerial 
spray  application  of  Purple,  Orange,  and  other  defoliation  chemicals. 

23)  Dry-season  applications  of  Purple,  Orange,  and  Pink  at  relatively 
high  rates  (2.5  to  3.0  gal/acra)  gave  apparently  affective  defoliation  in 
light  to  moderate  vegetation  cover  of  secondary  forest  ar-1  ihrub.  Natural 
defoliation  during  the  dry  season  contributed  in  varying  ree  to  the  high 
evaluation  ratings  obtained.  Dry-season  applications  were  -nerelly  not 
effective  in  the  dense  forest  type  characterised  by  a  snail  .aount  of 
natural  seasonal  defoliation. 

24)  Consistent  differences  In  defoliation  effectiveness  were  obtained 
on  the  two  test  sites  characterised  by  (1)  dense,  seal -evergreen  ferast  with 
a  Multiple  canopy,  and  (11)  secondary  forest  and  shrub  with  a  single  canopy. 
The  more  effective  ratings  obtained  on  the  secondary  forest  type  were 
attributed  to  the  greater  ease  of  spray  penetration  and  to  a  higher  propor¬ 
tion  of  plant  spades  susceptible  to  chtedcal  defoliation. 

25)  In  dense  forest  vegetation  with  Multiple  canopy,  the  highest 
degree  of  defoliation  from  effective  chenicals  occurred  in  the  upper  or 
doainant  canopy.  Ground  cover  and  shrub  layers  showed  the  least  defoliation. 

26)  Complete  defoliation  of  all  vegetation  consonants  was  not 
obtained  with  any  of  the  chenicals  tasted  in  single  applications.  Maximum 
defoliation  was  assessed  at  83  to  90%. 

27)  Marked  differences  in  defoliation  response  to  any  chealcal 
treataent  occurred  within  the  species  coaposltlon  of  any  layer  of  the 
forest  veget&tlon.  Soaa  species  defoliated  completely;  others  shewed 
little  or  no  effect. 

28)  The  duration  of  maximum  defoliation  effectiveness  was  governed 
by  several  factors,  chief  of  which  were:  (1)  amount  and  rata  of  regrowth 
of  treated  vegetation  following  defoliation,  and  (11)  amount  and  growth 
rate  of  weedy  plants,  vines,  and  other  replacement  vegetation  following 
defoliation. 

29)  To  prolong  the  duration  of  effective  defoliation  and  to  secure 
aore  effective  spray  penetration  and  defoliation  of  dense  forest  type  with 
Multiple  canopy,  repeat  applications  of  Purple,  Orange,  cacodyllc  acid  or 
other  effective  ehaaicals  aay  be  used.  Results  of  limited  tests  of  repeat 
applications  in  the  current  program  will  be  evaluated  in  the  final  report. 
Suggested  ainlaal  intervals  for  repeat  applications  for  increased  effee- 
tlveness  and  duration  are:  (i)  2  to  4  weeks  after  initial  application  of 
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cacodyllc  aeU;  aad  (11)  2  mthi  after  Initial  application  of  Purple, 
Orange,  and  othor  growth -regulator  herbicides. 

30)  Visual  aatlnataa  of  defoliation  vara  closely  covparabla  to 
quantitative  naaauraaonta  obtained  bp  the  canopy  obscuration  technique 
employing  vertical  photograph o. 

31)  Borlaontal  visibility  measurements  gave  lover  defoliation 
values  than  visual  aatlnataa  or  the  vertical  obscuration  technique. 
Changes  In  horlsontal  visibility  due  to  chemical  treatment  vers  dependent 
primarily  on  the  degree  of  defoliation  sustained  by  the  shrub  vegetation 
layer. 


32)  The  results  of  the  defoliation  tost  program  era  generally 
applicable  to  the  Republic  of  Viet  Ram  and  adjoining  areas  of  Southeast 
Asia. 


Xt  la  reeoamsnded  that  additional  field  teats  and  studies  on  chemical 
defoliation  be  conducted  In  Thailand  or  similar  tropical  areas  to  meet  the 
follovlng  objectives  and  requirements: 

1)  Evaluation  of  Orange  and  cacodyllc  acid  or  sodium  caeodylate  In 
several  vegetation  types  Including  tropical  ever groan  rain  forest,  hill 
evergreen  forest,  secondary  forest  and  shrub  vlth  high  densities  of  tropi¬ 
cal  grasses  such  as  elephant  grass,  cogon  grass,  and  bub oo -dominated  areas. 

2)  Evaluation  of  Pink,  Tor don,  and  other  herbicides  In  comparison 
vlth  Orange  and  cacodyllc  acid  In  saveral  vegetation  types. 

3)  Evaluation  of  chemical  mixtures  Including  Orange  and  Tordon 
and  other  chemicals  to  secure  enhancement  of  defoliation  response  and  a 
broader  spactrum  of  species  subject  to  defoliation  and  topklll. 

4)  Evaluation  of  repeat  treatments  vlth  Orange,  cacodyllc  acid, 
and  other  chemicals  to  secure  prolonged  defoliation  In  vegetation  types 
or  under  conditions  In  which  regrovth  occurs  from  single  applications. 

.  3)  Evaluation  of  soil  stsrllants,  herbicides,  and  desiccants  for 
complete  vegetation  control  of  woody  and  grass  vegetation  In  proximity 
to  military  encampments,  boundary  tones,  transportation  routes,  ate. 

6)  improvement  of  evaluation  techniques  including  the  development 
of  a  simpler  system  of  horlsontal  visibility  measurement  than  the  "dot- 
count"  method  and  in  the  refinement  and  simplification  of  tha  vertical 
photography  technique. 

Such  programs  should  be  conducted  In  areas  such  as  Thailand  where 
logistic  support  and  Interdisciplinary  scientific  cooperation  may  be 
obtained. 
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mum  a 

CHEMICALS  USED  IH  TEST  PROGRAM 

A.  HERBICIDES 
1.  Purple 

a.  Chemical  Mama 

Mixture  consisting  of 

SOX  n-bi  :yl  aster  of  2,4-dlchlorophencatyacetlc  add 
30X  n -butyl  aster  of  2,4,5-trlchlorophencKyacetlc  acid 
20X  iso-butyl  aster  of  2,4,5-trichlorophencacyacetlc  acid. 

b.  Physical  and  Chemical  Properties 
Liquid,  soluble  in  diesel  fuel. 

c.  Active  Ingredient  Content 

98  to  100X  active  ingredient  as  total  ester. 

8.6  lb/gal  add  equivalent. 

d.  Total  Amount  and  Cost  of  Chemical 
.6000  gal;  $6. 50/gal;  $39,000  total  cost. 

2.  Orange 

a.  Chemical  Hama 
Mixture  consisting  of 

SOX  n -butyl  ester  of  2,4-dlchlorophenaxyacatic  add 
SOX  n-butyl  ester  of  2,4,S-trlchlorophancocyacetlc  acid. 

b.  Physical  and  Chemical  Properties 
Liquid,  soluble  in  diesel  fuel. 

c.  Active  Ingredient  Content 

98X  to  100X  active  ingredient  as  total  ester. 

8.6  lb/gal  acid  equivalent. 

/ 


122 


d.  Total  Aaount  and  Coat  of  Chaaleal 
82S  gal;  $7. 00/gal;  $5775  total  coat. 

3.  Pink 

a.  Chaaleal  Naas 
Mixture  consisting  of 

60%  n -butyl  astar  and  40%  Iso-butyl  eatet  of  2,4, 5- 
trlchlorophanaxyacetle  acid. 

b.  Physical  and  Chemical  Propartlea 
Liquid,  soluble  In  dlasal  fuel. 

e.  Active  Ingredient  Content 

98  to  100%  active  Ingredient  as  total  aster. 

8-9  lb/gal  acid  equivalent. 

d.  Total  Aaount  and  Coat  of  Chaaleal 

3800, gal ;  $10. 00/gal;  $38,000  total  cost. 

4.  Dlnaxol 

a.  Chaaleal  Naaa 

Coaaerclal  formulation  consisting  of 

31.6%  butcay  ethanol  ester  of  2,4-dlchlorophenaxyacetlc  acid. 
30.3%  butexy  ethanol  ester  of  2,4,5-trlchlorophenaxyacetlc 
acid. 

b.  Physical  and  Chaaleal  Properties 
Liquid,  soluble  in  diesel  fuel. 

c.  Active  Ingredient  Content 

2  lb/gal  of  2,4-D;  2  lb/gal  of  2,4,5-T  acid  equivalent. 

d.  Total  Aaount  and  Cost  of  Chaaleal 

273  gal;  experlaental  aaterlal  donated  by  American  Chaaleal 
Products,  Inc.,  Ambler,  Pennsylvania. 
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3.  Dleaaba 

a.  Ch— If  1  Imm 


2  -methomy-3 , 6-dich  loro bens ole  acid  (aval  lab  la  aa  pure  add  aad 
dimatby  Lamina  salt). 

b.  Physical  sad  Ch sales 1  PreparClas 

Add  is  a  solid,  soluble  in  butanol. 

Amina  f emulated  as  a  liquid,  soluble  ia  water. 

c.  Active  Inq radiant  Content 

Add— 95  to  100X  active  iacredient. 

Amina— 6  lb/gal  active  incrediaat. 

d.  Total  Aasuat  aad  Cost  of  Cheat  cel 

Add— 2000  lb;  $4. 30/lb;  $9000  total  eost 
Aaine— 240  gal;  $27. 50/gal;  $6000  total  cost 

6.  Tordon 

a.  Chemical  Kama 

4-amlno-3,5,6-trlchloropleollulc  acid;  pic lor  cm 
Formulated  as  potassium  salt  aad  aaine  (exper lasatal) . 

b.  Physical  and  Chemical  Properties 

Potassium  salt  and  aaina  formulated  in  liquid,  miscible  with 

water. 

c.  Active  Ingredient  Content 

2.0  lb/gal  as  potaaslua  salt  (Tordon  22K). 

3.0  Ib/gal  in  experimental  aaina  formulation. 

d.  Total  aaount  aad  Cost  of  Ch amice 1 

Aaine— 40  gal;  axperiasntal  net ar lei  donated  by  Dow  Chaad.ce  1 
Co.,  Midland,  Michigan. 

Potassiua  salt— 55  gal;  experiswatal  aetsrlal  donated  by  Dow 
Chemical  Co.,  Midland,  Michigan. 
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B.  DESICCANTS  AND  DEFOLIANTS 

1.  Cacodylle  Acid  and  Sodlua  Cacodylate 

a.  Chemical  Naaa 

Diaethyl  aralnic  acid. 

Sodlua  aalc  of  dlaathyl  aralnic  acid. 

b.  Physical  and  Chaaical  Properties 
White  powder,  soluble  'in  water. 

c.  Active  Ingredient  Content 

Cacodylle  acid,  65%  active  ingredient. 

Sodlua  cacodylate,  70%  active  Ingredient. 

d.  Total  Amount  and  Coat  of  Chaaical 

Cacodylle  acid-1600  lb;  $1. 75/lb;  $2800  total  cost. 
Sodlua  cacodylate— 800  lb;  $1. 85/lb;  $1480  total  cost. 

2.  Dlquat 

a.  Chemical  Naaa 

1:1' -athy lens-2 : 2 ' -dlpyrldy llua  dlbroalde. 

b.  Physical  and  Chaaical  Properties 
Liquid  formulation,  soluble  in  water. 

c.  Active  Ingredient  Content 

2  lb/gal  of  cation  (bromide). 

d.  Total  Aaount  and  Cost  of  Chaaical 

720  gal;  $20. 85/gal;  $15,012  total  cost. 

3.  Endothall  Acid  and  Salt 

a.  Chemical  Naaa 

3,6-andoKohexahydrophthallc  acid. 

Dlsodlua  3,6-endaxohaxahydrophthalata. 
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b.  Physical  and  Chaalcal  Propart las 

Acid— solid,  solubla  in  dlaethylforaaari.de— water  eauislon. 
Sait— liquid,  soluble  In  water. 

c.  Active  Ingredient  Content 

Acid— 100X  active  Ingredient. 

Salt— 1.8  lb/gal  active  Ingredient. 

d.  Total  Amount  and  Cost  of  Chaalcal 

Acid— 1125  lb;  $3. 60/lb;  $4050  total  cost. 

Salt— 300  gal;  $5. 70/gal;  $1710  total  coat. 

4.  Merphoa  and  Poles 

a.  Chaalcal  Naaa 

Tributyl  phosphor otrlthlolte 

b.  Physical  and  Chaalcal  Properties 

Merphoa— liquid,  oil-soluble  foraulatlon. 

Foies- liquid,  arisclble  with  water  or  diesel  fuel. 

c.  Active  Ingredient  Content 

Merphoa- 7.2  lb/gal  active  Ingredient. 

Poles- 6.0  lb/gal  active  Ingredient. 

d.  Total  Amount  and  Cost  of  Chaalcal 

Merphoa- 1375  gal;  $7. 60/gal;  $10,450  total  cost. 

Poles— 330  gal;  $5. 32/gal;  $1920  total  cost. 

5.  Aaltrole 

a.  Chaalcal  game 
3-aarino-l,2,4-trlasole 

b.  Physical  and  Chaalcal  Properties 
Crystalline  solid,  soluble  la  water. 

c.  Active  Ingredient  Content 
•01  active  Ingredient. 
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d.  Total  Amount  and  Coat  of  Chemical 
1200  lb;  $2. 65/lb;  $3180  total  coat. 

6.  Butyne  Dlol 

a.  Chemical  Nana 
2~butyne-l,4-dlol 

b.  Physical  and  Chemical  Properties 
Solid,  aolubla  in  vatar. 

c.  Active  Ingredient  Content 
951  active  Ingredient. 

d.  Total  Amount  and  Coat  of  Chemical 
2760  lb;  $0. 60/lb;  $1656  total  coat. 

7.  Trliutyl  Phosphate 

a.  Chemical  Name 
Tributyl  phosphate. 

b.  Physical  and  Chemical  Properties 
Liquid,  soluble  in  diesel  fuel. 

c.  Active  Ingredient  Content 

8  lb/gal  of  active  ingredient. 

d.  Total  Amount  and  Coat  of  Chemical 
4000  lb;  $0. 60/lb;  $2400  total  coat. 


APPENDIX  B 


SPECITICATIONS  OF  AERIAL  SPRAY  DISTRIBUTION  SYSTEM 


K.  TAM 

A  capacity  of  180  gallons,  box-shaped  with  rectangular  aides,  stainless 
steal;  with  Internal  baffle  plates,  1%-lnch  Inlet  at  base  of  tank  connected 
through  a  Una  filter  to  quick-connect  coupling  on  external  fuselage,  addi¬ 
tional  3 -Inch  tank  Inlet  at  top  of  tank,  and  l^-lnch  air  vent  and  overflow 
tube  with  outlet  at  bottaa  of  fuselage.  Equipped  with  external  sight  gauge 
calibrated  In  3-gallon  Increments  mounted  on  tank  and  Uquldometer  with 
gauge  for  Indicating  level  In  pilot  compartment. 


B.  PCiff 

Alr-drlven,  AGAVENCO  Model  6100  E  5,  with  flva-bladad  propeller, 
variable  pitch  blades,  2%-lnch  suction  Intake  and  2-lnch  outlet  connec¬ 
tions.  Equipped  with  brake  operated  from  pilot  compartment  for  control 
during  flight. 


C.  BOOM  AMD  NOZZLE  ASSEMBLY 

Two  20-foot,  aluminum,  streamlined,  Sorenson  1%-lnch  booms  mounted 
below  wings  forward  of  flaps.  Tapped  on  trailing  edge  and  bottom  at  6- 
Inch  spaclngs  for  %-lneh  nossles.  Hose  connections  Teflon-lined  on 
2-lnch  pipes  to  tank,  pump,  and  bypass. 


D.  NOZZLES 

One-quarter-inch,  brass,  diaphragm  jet  (TEEJET  No.  4664),  with  disc- 
type  orifice  and  core,  fitted  with  SO-  or  100-mesh  strainers. 


E.  CONTROLS 

Control  lever  for  boom  system  mounted  at  pilot  compartment  bulkhead. 
Positive  tnree^ray  cutoff  valve  with  suction  pressure  on  boom  la  off 
position  to  prevent  nossle  dri,».  Pressure  regulation  by  gate  valve  on 
Una  from  pump  to  boom,  pressure  gauge  mounted  on  cockpit  Instrument  panel. 
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F.  BOOM  AMD  NOZZLE  CONFIGURATIONS  USED  IN  TEST  PROGRAM 

1.  2  April  to  12  May  1964 

a.  Boom 

Twenty  feet  long,  under  vlngt  only,  mounted  10  to  16  inches 
below  lower  wing  surface,  taps  for  nossles  on  lower  surface. 

b.  Nossle  Placement,  Number,  Spacing,  Direction,  and  Orifice 
Inboard,  16  to  20  at  6-inch  spacing,  90  degrees,  D7  and/or 

D10  orifice. 

2.  12  May  to  15  June  1964 

a.  Boom 

Vlng  booms  connected  into  single  boom,  32  feet  long,  with 
nossle  positions  under  fuselege,  mounted  23  inches  below  bottom  of  fuselage 
end  lower  wing  surfaces,  nossle  tap  openings  on  upper  surface  to  eliminate 
sediment  accumulation. 

b.  Nossle  Placement,  Number,  Speclng,  Direction,  and  Orifice 
(From  center  of  fuselage  to  wing  tip) 

Under  fuselage,  five  et  3-inch  speclng,  45  degrees,  D16  orifice, 
lateral  to  fuselage,  four  at  4-inch  apaclng,  45  degrees, 

Dj£  orifice. 

Inboerd,  12  or  13  at  6 -inch  spacing,  90  degress v  Djq  orifice. 

CXit board,  two  at  18-lnch  spacing,  90  degrees,  Dg  orifice. 

Boom  tip,  one,  45  degrees,  Dg  orifice. 

3.  15  June  1964  to  18  March  1965 

a.  Boom 

Same  as  2,  a. 

b.  Nossle  Placement,  Number,  Spacing,  Direction,  and  Orifice 
(From  canter  of  fuselage  to  wing  tip) 

Under  fuselage,  five  at  3 -inch  spacing,  45  degrees,  fc-iach 

orifice. 
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Lateral  to  fuselage,  four  at  4-inch  spacing,  45  degrees, 
%-inch  orifice. 

Inboard,  six  at  6-inch  spacing,  90  degrees,  %-inch  orifice. 

Outboard,  one  Dj^q  edifice,  two  Dg  orifice,  one  Dg  orifice  at 
six -inch  spacing,  90  degrees. 

Boom  tip,  one,  45  degrees,  Dg  orifice. 

4.  18  March  to  4  June  1965 

a.  Boom 

Same  aa  2,  a. 

b.  Host  Is  Placement,  Number,  Spacing,  Direction,  and  Orifice 
(From  center  of  fuselage  to  wing  tip) 

Under  fuselage,  three  or  four,  at  3 -inch  spacing,  45  degrees, 

D^  orifice. 

Lateral  to  fuselage,  three  or  four  at  4-lnch  spacing,  45 
degrees,  D14  orifice. 

Inboard,  six  at  12 -inch  spacing,  90  degrees,  Dl0  orifice. 
Outboard,  three  at  18-inch  spacing,  90  dagreas,  Dg  orifice. 
Outboard,  one  at  24-inch  spacing,  90  degrees,  Dg  orifice. 

Boost  tip,  one,  45  degrees,  Dg  orifice. 


l 
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APPENDIX  C 


DETERMINATION  OF  SPRAY  DEPOSIT  VOLUME,  SNATH  WIDTH,  AND  DROPLET  SIZE 


Characteristic*  of  spray  deposition  Including  mass  deposit,  swath  width, 
and  percentage  recovery  of  delivered  spray  volumes  were  obtained  from  grid 
calibration  flights  accompanying  each  treatment.  The  wet -plate  method  was 
used  in  calibrations;  mass  deposit  values  were  obtained  by  colorimetric 
analysis  based  on  a  dye  added  to  the  spray  solution.  Droplet  else  as  mass 
median  diameter  was  obtained  from  Kromacote  cards  In  matching  series  with 
the  wet-plate  samples. 

DuPont  Oil  Red  dye  was  used  in  spray  mixes  with  Purple  and  other  oil- 
soluble  chemicals.  Rhod amine  Blue  and  Acid  Orange  dyes  were  used  in  water 
solutions  of  chemicals.  Dye  concentration  was  0.1X  by  weight  In  the  spray 
mixtures  or  4  grams  per  gallon.  DuPont  Oil  Red  genre  an  absorbance  peak  of 
515  mllllmicrone  on  the  spectrophotoamter.* 


A.  MUSS  DEPOSIT 

Measurement  of  mesa  deposit  at  each  sampling  station  on  a  grid  line 
involved  the  use  of  the  wet -plate  ^technique  with  6-  by  6-lnch  aaaple 
plates  of  aluminum  or  stainless  steel.  Matching  Krosmcote  card  samples 
were  examined  to  determine  the  limits  of  swath  deposit.  The  wet-plate 
colorimetric  analysis  was  performed  only  on  this  series  of  station 
samples  plus  an  extra  one  at  each  end. 

Each  wet  plate  and  its  protection  cover  plate  were  placed  on  a  rack 
designed  to  permit  simultaneous  washing  of  die  two  platas  and  the  collec¬ 
tion  of  washings  in  a  single  25-ml  volumetric  flask.  The  solvents  weed 
were  acetone  for  oil-soluble  chemicals  and  water  for  water-soluble  chemicals. 
The  rinsings  were  brought  up  to  uniform  volume  with  additional  solvent. 

A  calibration  curve  was  prepared  from  duplicate  samples  of  the 
original  spray  mixture  taken  after  the  day's  flight.  The  dilution 
scheme  for  the  calibration  samples  is  shown  in  the  diagram: 


♦  Beyer,  L.W. ;  Brcwn,  J.W.  1964.  Calibration  of  spray  systems  C-123/MC-1, 
H-34/HXDAL,  A -1H /TIDAL,  (Technical  Report  46).  (Sponsored  by  Advanced 
Research  Projects  Agency,  Project  Agile,  ARPA  Order  256).  Crops 
Division,  U.S.  Army  Biological  Laboratories,  Port  Detrick,  Maryland. 
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tank  sample,  1 
5.0-mJ 
aliquot 


tank  sample,  2 
5.0-ml 
aliquot 


10.0  ml 


2.5-ml  aliquot  +  solvent 


0.5  ml 

I 

+  solvent 


25.0-ml 
vol.  flask 


50.0-ml 
in  volumetric  flask 


1.0  ml 


+  so 


.vent 


25.0-ml 
vol.  flask 


1.5  ml 
+  solvent 


25.0-ml 
vol.  flask 


2.|  ml 
+  solvent 


25.0-ml 
vol.  flask 


A  cuvette  of  the  colorimeter  was  then  filled  from  each  of  the  four  flasks 
and  i.he  respective  transmittance  a  were  measured .  The  readings  tare  plotted 
on  a  graph  of  percentage  transmittance  against  gallons  of  spray  volume  per 
acre. 

The  standardisation  of  the  Bausch  and  Lomb  Model  20  spectrophotometer 
used  in  these  determinations  was  checked  at  Intervals  as  a  precaution 
against  electrical  drift  due  to  surges  in  line  voltage. 

Following  calibration  of  the  colorimeter  to  the  day's  spray  mix,  the 
samples  from  the  grid  deposit  plates  were  transferred  directly  from  the 
volumetric  flasks  to  cuvettes  and  tested  twice  for  transmittance.  The 
data  for  each  series  of  samples  were  recorded  on  SMDFD  Form  546  (Temp) 

(9  Apr  63) .  Each  datum  was  then  converted  from  percentage  transmittance 
to  estimated  deposit  in  gallons  per  acre  from  the  calibration  curve  and 
recorded  on  SMDFD  Form  547  (Temp)  (9  April  1963). 

The  mass  deposit  data  were  then  plotted  graphically  on  SMDFD  Form  634 
(Test)  (Dec  63)  and  the  points  connected  to  form  a  contour  curve  depleting 
the  deposit  pattern. 
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MASS  DEPOSIT 

Material  1;i  Purple  Airspeed  _1Q0  ,a»of 

Date  24  Feb  1965  Altitude _ 30  ft 

Flight  l _  Swath  Width _ 

Sample  Line  R  Aircraft  Course  120 

Time  of  Release  0643  Wind  Vector  o.o/se 


Duration  7 . 0 _  Spec.  _ 20 

Flow  Rate  fias  pm  9  sr  put  Spec.  Oper.  Kha 

System  _ 


St 

GPA 

St 

GPA 

St 

GPA 

St 

GPA 

1 

IV!1 

2.30 

51 

\wm 

IMMMH 

1 

■MMI 

27 

1.85 

\wm 

MMHM 

77 

Iwm 

!MH 

28 

2.20 

53 

78 

In 

MM 

29 

1.75 

54 

IM1 

|  H 

J 

30 

3.20 

wm 

\wm 

_fi _ 

31 

2.60 

56 

wm 

7 

32 

2.20 

„iZ _ 

wm 

8 

33 

3.30 

Ml 

wm 

9 

34 

3.20 

59 

84 

10 

m ■ 

1.50 

wm 

wm 

\tm 

36 

0.80 

61 

86 

Im 

wm 

0.80 

62 

wm 

112 _ 

38 

0.42 

63 

MM 

\rm 

39 

0.30 

64 

Ml 

13 

40 

0.20 

65 

wm 

16 

0.00 

41 

0.08 

MM 

MM 

17 

0.08 

42 

0.08 

wm 

wm 

mi! 

0.08 

43 

0.15 

68 

93  j 

19 

-  0.50 

44 

0. 15 

69 

Mil 

20 

0.55 

43 

mntSMMl 

wm 

21 

0.42 

46 

0.0 

71 

96 

22 

0.80 

47 

72 

97 

mii 

1.10 

48 

HMMil 

ran 

MMH 

Mil 

mu 

1.25 

49 

HMHMI 

E Ml 

MHMMI 

EMI 

so 

2.40 

jLl 

f 

73 

MMMI 

EMI 

Total  Deposit*  23.26 

Percent  Recovery*  23,26  *  2-3 

8MUFD  FORM  S4T  (Temp) 

<•  April  IMS) 


-  85.4X 
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B.  SWATH  WIDTH 

Swath  width  waa  determlp jd  most  accurately  from  direct  Inwind  releaoes 
under  Inversion  conditions  with  the  aircraft  crossing  the  grid  sampling 
line  at  right  angles.  In  the  Initial  phases  of  the  test  program  In  which 
separate  wing  booms  were  employed,  the  deposit  patterns  were  expressed  as 
a  blmodal  curve.  After  modification  of  the  boom  system  to  provide  under¬ 
fuselage  nozzles,  triangular  or  trapezoidal  deposit  patterns  were  obtained. 
Spray  applications  from  a  height  of  35  feet  resulted  in  a  swath  width  of 
approximately  100  feat. 

The  graphs  of  mass  deposit  (SMUFD  Form  634-Dec  63)  were  used  to  deter¬ 
mine  swath  width  at  any  desired  deposit  level. 


C.  PERCENTAGE  RECOVERY 

Percentage  recovery  represents  the  relationship  between  the  amount  of 
spray  material  released  from  the  aircraft  and  the  amount  actually  deposited 
on  the  ground  at  the  sample  line  less  the  amount  lost  due  to  drift  and 
evaporation. 

The  following  Information  waa  required  for  determination  of  percentage 
recovery: 

a)  Total  deposit  in  gallons  per  acre  on  all  sampling  stations 

b)  Interval  or  distance  in  feet  between  sampling  stations 

c)  Air  speed  in  statute  miles  per  hour 

d)  Flow  rate  in  gallons  per  minute 

a)  Constant,  0.202,  representing  the  portion  of  an  acre  covered  in 
1  minute  at  1  mph  for  a  swath  width  of  1  ft. 


Percentage  recovery  was  calculated  by  the  following  equation: 
Percentage  recovery - (plow  rate 


(0.2023  (Total  deposit)  (Interval)  (Sneed) 


For  each  treatment  a  summation  report  was  prepared  based  on  all  grid 
flights  for  a  given  treatment.  This  report  included  calculations  of  the 
following: 

a)  Average  percentage  recovery  of  all  grid  flights 

b)  Gallons  per  acre  delivered  from  the  plane  system 

c)  Gallons  per  acre  deposited  on  a  300-ft  swath  based  on  delivered 
volume  x  average  percentage  recovery 

d)  Gallons  par  acre  deposited  on  a  300-ft  swath  based  on  average  mass 
deposit  volumes  of  a  150-ft  swath  lass  the  average  deposit 
volumes  of  the  swath  extremities  (tails)  outside  the  300-ft  swath 
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e)  Percentage  recovery  of  the  300-ft  swath  width 

f)  Percentage  loss  outside  of  the  300-ft  swath 

g)  Total  percentage  recovery 

h)  Pounds  per  acre  of  acid  equivalent  or  active  ingredient. 


SUMMATION  REPORT 

DATE 

MATERIAL 
TREATMENT  NO. 

PLOT  1 
PLOT  2 


Calculations 


SUBJECT 

1.  Average  X  Recovery 

Sum  of  Total  X  Recoveries 
No.  of  Recoveries 

2.  GPA  Delivered  from  Plane 

Plow  Rate  in  GPA 
23  Acres/Minute 

3.  Calculated  GPA  for  300-ft  Swath 

GPA  from  Plane  x  Average  X  Recovery 

4.  GPA  Calculated  from  300-ft  Swath 

3(Aver«ge  Total  Deposit  of  150-ft  Swath)  -  Sum  of  Average  Two  Tails 

30 


5.  X  Racovery  Calculated  from  300-ft  Swath 
GPA  of  Swath  Path 
Calculated  GPA  of  Plana 


6. 


X 


Lost  outside  300-ft  Swath 
Sum  of  Average  Two  Tails 
Sum  of  Average  Two  Tails 


4*  Sum  of  Average  Swath 


7.  Total  Recovery 

X  Lost  outside  Swath  4-  Recovery  from  300-ft  Swath 


8.  Add  Equivalent  Per  Acre 

GPA  x  Acid  Equlv.  ■  AEQPA 
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D.  MASS  MEDIAN  DIAMETER  OF  SPRAY  DROPLETS 


The  droplet  characteristics  of  the  chemical  mixtures  v.sed  in  the  test 
program  were  determined  by  the  maximum  diameter  (D-max.)  method  developed 
by  Maksymluk  of  the  U.S.  Forest  Service  Forest  Insect  Lai  oratory  at 
Beltsville.* ** ***  This  method  provides  rapid  and  fairly  accurate  estimation 
of  mass  median  diameter  (MMD)  from  measurements  of  the  largest  drops  In 
the  complete  droplet  spectrum.  Droplet  diameters  to  the  nearest  100 
microns  were  made  of  the  largest  droplets  impinged  on  the  Kromecote  cards 
used  in  the  grid  calibration  flights.  Diameter  of  the  largest  droplet  in 
a  series  of  »0  to  15  observations  was  used  as  spot  D-max. 


The  spherical  drop  D-max.  was  obtaii.ed  by  dividing  the  spot  D-max. 
by  a  calculated  spread  factor.  The  spread  factor  is  a  constant  that 
relates  the  final  spot  size  cm  the  Kromecote  card  with  the  size  of  the 
original  droplet: 

Spherical  Drop  D-max.  -  SB2£-SlSS2Lt— 

Spread  Factor 


Spread  Factor 


Final  Spot  Diameter 
Spherical  Drop  Diameter 


The  spread  factors  for  the  oil-soluble  materials  ranged  from  5.608  to 
6.441,  and  for  water-aoluble  chemicals  from  1.70  to  3. 00. ****** 

Estimated  mass  median  diameters  were  obtained  from  spherical  drop 
D-max.  using  a  conversion  factor  derived  empirically  by  Maksymluk  based 
on  the  aircraft  speed.  The  conversion  factor  varies  from  2.2  for  slow 
speeds  (80  mph  or  more)  to  2.5  for  high-speed  delivery  systems  (150  to 
180  mph).  The  following  formulas  were  used  to  determine  mass  median 
diameter: 

Estimated  MMD  -  Spherical  Drop  D-max. 

Conversion  Factor 


Estimated  MMD 


Spot  D-max. 
Conversion  Factor 


*  Brown,  J.W. ;  Whlttam,  D.  July  1962.  Modification  and  calibration  of 
defoliation  equipment  (C-123  First  Modification)  (A  joint  report  by 
personnel  of  U.S.  Department  of  Agriculture,  U.S.  Air  Force,  and  U.S. 
Army  Chemical  Corps  of  work  performed  under  0SD/ARPA  Order  256,  Amend¬ 
ment  4)  Crops  Division,  U.S.  Army  Biological  Laboratories,  Fort  Detrlck, 
Maryland. 

**  Wolf,  W.R.  1962.  Report  to  Crops  Division  on  spread  factor  calibration 
studies  of  Eglin  A.F.B.  test  agent  samples  and  OCONUS  agent  samples. 
Physical  Sciences  Division,  U.S.  Army  Biological  Laboratories,  Frederick, 
Maryland. 

***  Wolf,  V.R.  1964.  Spread  factor  calibration  study  of  oil-soluble 
defoliants,  fuel  oil  and  water-soluble  defoliants  on  Kromecote  cards, 
(Unpublished  Report).  Physical  Sciences  Division,  U.S.  Army  Biological 
Laboratories,  Fort  Detrlck,  Maryland.  154  p. 


APPENDIX  D 


APPENDIX  E 


DESCRIPTION  AND  OPERATION  OF  OBSCURIMETER  USED 
IN  VERTICAL  PHOTOGRAPHY  EVALUATION 


An  obecurlmeter  or  compositing  densitometer  was  daslgnsd  by  Dr.  G.B. 
Truchalut  of  tha  U.S.  Army  Biological  Laboratories  for  quantitative 
measurements  of  canopy  obscuration  on  negatives  obtained  In  tha  vertical 
photography  technique.  The  instrument  is  shewn  in  Figure  1. 


Figure  1.  The  Obeeurlaeter  as  PealtioeeS  for  tvelaatiog  35  ■ 

negatives  of  Vortical  Photographs  of  the  Upper  Cos spy, 
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A.  BASIC  PRINCIPLE 

Fundamentally,  the  instrument  consists  of  a  light  aourca  with  ra flee tor, 
condanaing  lenses,  and  haat -aba orbing  glaaa  aueh  that  a  uniform  baam  of 
parallal  light  rays  approximately  one  inch  in  diameter  ia  produced.  Thla 
baam  la  paaaad  through  the  photographic  image  of  the  plot  canopy  being 
measured;  the  tranamitted  light  than  lmplngea  on  a  aelenlum  photocell  to 
produce  a  current  that  la  proportional  to  the  ratio  of  light  and  dark  araaa 
on  the  film.  The  currant  la  maaaurad  by  a  mllllammetar. 


B.  DESCRIPTION 

The  light  aourca  conaiata  of  a  100-watt  115-volt  projection  lamp  wired 
in  aerlaa  with  a  cylindrical  wire -wound  rhaoatat  that  can  be  adjuated  to 
regulate  the  light  output.  Thla  adjuatment  la  uaad  in  compen eating  for 
varlatlona  in  light  abaorptlon  of  the  film  baa a  and  emulaion  due  to  atoraga 
or  proceealng.  The  light  beam  la  collimated  by  am  ana  of  a  apherlcal  reflec¬ 
tor  behind  the  lamp  in  conjunction  with  condenaer  lenaea  between  the  lamp 
and  the  film.  A  glaaa  haat  (Infrared)  abaorber  la  placed  between  the  two 
halva a  of  the  condenaer  ayatem  to  protect  the  film  from  daataga  by  tbaaa 
wavelengtha. 

The  film  carrier  or  gulda  conaiata  of  a  two -place  metal  plate  containing 
a  carefully  machined  alot  to  hold  the  film  atrip  in  correct  alignment  with 
the  light  baam  and  the  photocell,  and  with  a  email  clearance  between  amul- 
eion  aide  of  the  film  and  tha  plate  ao  that  the  image  la  not  acratchad  or 
damaged.  Near  one  end  of  tha  plat#  a  plaatic  film  eupport  la  mounted  on 
tha  lamp  houalng.  At  tha  other  and  of  tha  film  gulda  la  a  aprockat-drlve 
wheal  that  novae  the  film  tha  required  dlatance  for  the  examination  of 
eucceeelva  frame a,  and  thla  la  followed  by  a  aecond  plaatic  film  support . 

Tha  light -maaeurlng  device,  a  aelenlum  photocell,  la  mounted  in  tha 
film  gulda  plate  immediately  behind  tha  film.  Extraneous  light  not  passing 
through  tha  daalrad  film  area  la  controlled  by  naans  of  two  dlaphram  plates 
each  containing  a  circular  aperture  qf  22 -un  diameter,  which  la  equal  to 
tha  diameter  of  tha  circular  area  to  be  maaaurad  on  each  photograph. 

Tha  photocell  is  mounted  on  a  sliding  panel  arrangement  ao  that  it  can 
be  pulled  out  of  tha  light  path  for  visual  inspection  of  tha  film  frame 
being  maaaurad. 

Final  link  in  tha  measuraawnt  chain  is  tha  mllllammetar  that  anasures 
tha  currant  output  of  tha  photocell.  Thla  is  calibrated  from  0  to  100  in 
intervals  of  two.  It  is  read  aa  percentage  transmittance. 


a 
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One  Additional  alactrleal  circuit  waa  lnatallad  aa  a  modification. 

Thia  product*  a  "bucking"  currant,  or  dark  currant,  which  panalta  ad Jutt¬ 
ing  tha  mat  nr  to  road  aaro  whan  a  laro-tranemlttance  rafaranca  fraaa  la 
placed  In  poaltlon.  Thla  circuit  eonalata  of  a  aacond  photocall  placad 
naar  tha  light  aourca  and  through  a  rhaoatat  connactad  In  ravaraa  to  tha 
allllaaaatar .  Thla  circuit  la  naadad  bacauaa  all  aaro  tranaalttanca 
frame*  (opan  aky)  cannot  ba  made  black  anough  to  provide  actual  aaro 
tranaalttanca  without  running  Into  flla  ovaraxpoaura  troublaa.  Thara- 
foro,  the  dark  current  circuit  provldaa  a  mean  a  of  aarolng  tha  lnatruiaent 
on  tha  black  aky  fraaa,  and  at  tha  aaaa  tlaa  coapenaatlng  for  aaall  varia¬ 
tion*  In  aky  laaga  danalty  from  one  flla  atrip  to  another. 

A  power  aupply  voltage  regulator  la  uaod  In  conjunction  with  tha 
obacurlaeter  to  ellainata  variation!  In  light  output  duo  to  line  voltage 
fluctuatlona. 


C.  CALIBRATION 

Prior  to  Ita  uaa  In  experimental  evaluation*,  tha  lnatruaant  waa 
calibrated  agalnat  a  flla  atrip  aade  froa  a  aerie*  of  chart*.  The** 
chart*  conalated  of  aegaanted  circle*  corraapondlng  to  the  circular 
field  uaad  In  each  canopy  photograph.  Tha  circle  aroaa  were  divided 
radially  Into  varloua  ratio*  of  black  and  white  aegaenta  in  10X  Increment* 
froa  OX  black  (all  white)  to  1001  black.  In  addition,  boom  chart*  ware 
aade  with  the  aaaa  area  ratio*  but  with  different  pattern*.  Following 
aaasuraaanta  of  tranaalttanca  of  tha  flla  atrip  .of  the  circular  chart*, 
a  calibration  curve  waa  drawn  and  uaad  In  the  evaluation  of  all  plot 
flla  atrip*. 


D.  OPERATION 

The  procedure  In  ualng  the  lnatruaant  to  aaaaure  ob accretion  la  fairly 
alapl*.  The  flla  atrip  la  lnaartad  In  the  fl la-carrier  alot  froa  the  left 
end  with  the  aaulalon  aide  toward  the  operator  and  moved  through  far 
enough  for  the  perforation*  of  the  flla  to  engage  the  f  1  la-drlv*  aprocketa. 
The  flla-drlve  aprocket  wheel  1*  then  adjuated  ao  that  the  flrat  fraaa  to 
be  aaaaured  la  exactly  cantered  In  the  aperture,  which  can  be  done  ritually 
with  the  photocell  moved  out  of  the  way. 

After  adjuataant  of  tha  drive  aprocket,  tha  flla  la  tuned  to  the 
blank  fraaa  and  tha  leap  circuit  rhaoatat  la  adjuated  ao  that  the  aetar 
reade  1001  tranaalttanca.  The  flla  la  thee  aoved  to  tha  adjacent  black- 
aky  fraaa  and  tha  "dark  currant"  la  adjuated  with  potentiometer  ao  that 
the  aetar  read*  aaro.  The  frame*  containing  the  canopy  allhouettea  an 
read  la  aueceaaloa  without  changing  the  adjuataant  aettlaga.  The  value* 
of  tranaalttanca  an  recorded. 
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1 1  »U— L IMATAAT  NOTH  It.  tPONSOMINO  MLITAHY  ACTIVITY 

Advanced  Reaearch  Projecta  Agency 
Washington,  D.C.,  20301 

It.  AMTAACT 

A  teat  program  waa  conducted  In  Thailand  In  1964  and  1965  to  datermlne  the 
effectlveneaa  of  aerial  applications  of  Purple,  Orange,  and  othar  candidate  chemical 
agenta  In  defoliation  of  upland  Jungle  vegetation  repreeentatlve  of  Southeaat  Asia 
on  duplicate  10-acre  plots.  Aerial  apray  treatments  were  applied  at  rates  of  0.5 
to  3.0  gallons  per  acre  on  two  test  altes  representing  tropical  dry  evergreen 
forest  and  secondary  forest  and  shrub  vegetation.  Applications  were  repeated  In 
alternate  2-  to  3 -month  periods  to  determine  minimal  affective  rates  and  proper 
season  of  application. 

,  Defoliation  effectiveness  was  evaluated  by  (1)  visual  estimates  of  over¬ 
all  vegetation  and  Individual  species  defoliation,  (11)  maasurmaents  of  changes 
In  canopy  obscuration  by  a  vertical  photography  technique,  and  (111)  measurements 
of  changes  In  horlsontal  visibility  of  a  human-* Is ed  target  at  various  ranges. 

Data  provided  by  these  techniques  were  used  In  comparative  evaluation  of 
defoliant  chemicals  In  relation  to  rata,  volume,  season  of  application,  canopy 
penetration,  and  vegetation  response. 
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